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INTRODUCTION 


L.  DESCR1 PTION . The  Grand  River  basin  has  a drainage  area  of  5,572 
square  miles,  is  generally  oval  in  shape,  is  135  miles  long,  and  has 
a maximum  width  of  70  miles,  Plate  H-l  shows  the  watershed  boundary, 
the  location  of  the  basin  within  the  State  of  Michigan,  and  the  local- 
ities with  flood  problems.  The  Grand  River  is  260  miles  long  and  drops 
AbO  feet.  It  has  a steep  slope  from  its  source  to  the  vicinity  of 
Ionia,  over  half  its  length,  but  has  a very  flat  slope  from  Ionia  to 
Lake  Michigan.  The  surface  deposits  of  the  Grand  River  basin  are 
permeable  glacial  drift  of  great  depth  so  that  the  major  part  of  pre- 
cipitation run-off  ordinarily  reaches  the  stream  by  precolation. 

Therefore,  low  flows  are  high  and  well-sustained  in  comparison  with 
streams  in  other  sections  of  the  country. 

2.  Riverbed  widths  of  the  Grand  River  vary  from  over  500  feet  near 
its  mouth  to  under  100  feet  downstream  of  Jackson.  Water  depths  vary 
considerably  during  high,  low,  and  normal  flows.  Plate  H-2  shows  these 
variations  during  high  flows  in  the  Grand  River  and  its  major  tributaries. 
During  flood  stages,  channel  depth  may  increase  from  6 to  10  feet  tefore 
the  immediate  banks  are  overtopped.  Most  of  the  stream  banks  retain 

the  flow  of  only  annual  frequency  magnitude.  The  river  valley  below 
Grand  Rapids  is  flooded  to  a width  of  1,000  to  A, 000  feet  during  ex- 
treme floods,  which  rise  12  to  18  feet  above  low  water  at  Grand  Rapids. 

The  flood  plain  between  Grand  Rapids  and  Ionia  is  one -third  to  three  - 
fourths  of  a mile  wide.  The  flood  level  for  extreme  floods  is  approx- 
imately 20  feet  above  low-water  level.  Above  Ionia  the  capacity  of 
the  channel  for  discharging  flood  waters  is  much  greater,  due  to  steeper 
s lopes.  Flood  profiles  for  extreme  floods  are  from  11  to  15  feet 
above  low  water.  Flood  plains  there  vary  from  500  feet  to  a half  mile 
in  width  as  the  channel  meanders  across  the  valley.  Above  Lansing, 
the  river  winds  through  an  irregular  valley  from  200  feet  to  one -quarter 
mile  in  width,  traversing  a distance  by  river  thread  of  65  miles  in 
an  airline  distance  of  about  35  miles.  Extreme  flood  stage  is  6 to 
10  feet  above  low  water,  but  the  flooded  area  is  not  extensive.  At 
and  above  Jackson,  practically  no  troubles  arise  from  floods,  which  are 
partly  controlled  by  the  operation  of  the  Jackson  and  the  Michigan  Cen- 
ter dams  . 

3.  The  Grand  River's  tributaries,  except  the  Maple  River,  have 
relatively  steep  slopes,  from  3.1  to  10.6  feet  per  mile,  and  do  not 
cause  serious  flood  damage  except  for  the  lower  few  miles,  which  are 
flooded  by  backwater  from  the  main  stream.  Flood  stages  on  the  Looking- 
glass,  Flat,  and  Thornapple  Rivers  are  from  5 to  10  feet  above  low  water. 
Much  of  the  fall  on  the  latter  two  rivers  has  been  developed  for  power; 


the  ools  inundate  most  o£  the  1 lood  plain...  Th- 
aw..age  fall  01  1.6  feet  per  mile  and  flow,'  gh  ' • 

swamp:,  on  the  divide  between  the  Like  Michigan  and  L..u> 


Kivei  u.P  an 
flat  umr  : t 
Huron  watersheds. 


0 E OGR  A PH  1 C LIMITS.  This  flood  control  study  ui  I >u  parLs: 
fi  st,  main  stem  and  principal  tributaries;  second,  upstream  watershed 
ae  is.  The  upstream  watershed  flood  control  studies  .ire  desci  ibed  in 
detail  an  Appendix  M,  Agriculture,  of  this  report.  The  department  of 
Agriculture's  Soil  Conservation  Service  and  the  Corps  of  Engineers  agreed 
to  ue fine  these  areas  to  avoid  duplication  of  work.  The  study  is  broken 
down  by  reach  as  follows: 


REACH  DESCRIPTION 


Corps  of  Engineers  Soil  Conservation  Service 

a.  Grand  River,  main  stem  up  to  a.  Portage  River  - main  stem  (all) 

Jackson  (Mile  0 to  219) 

k.  Red  Cedar  River,  main  stem  b. 

up  to  Williams  ton  (Mile  0 to  22) 

c.  Lookingglass  River,  main  stem 
up  to  DeVJitt  (Mile  0 to  25) 

d.  Stony  Creek,  up  to  Wright  Road  (Mile  0 to  12) 

e.  Maple  River,  up  to  US-27 
Federal  Highway  (Mile  0 to  23) 

(.  Flat  River,  main  stem  (all) 

0.  Thornapple  River,  main  stem  (all) 

h.  Rogue  River,  main  stem  (all) 


All  upstream  areas  not  speci- 
fied for  study  by  the  Corps  of 
Engineers 


5.  FLOOD  HISTORY.  Most  of  the  floods  in  the  Grand  River  basin  occur 
in  the  late  winter  and  early  spring  montus  of  February  through  May,  and 
result  from  rain  falling  on  frozen  'now- cove  red  or  saturated  ground.  These 
floods  are  normally  accompanied  by  warming  temperatures  which  frequently 
meet  channel  ice  before  the  ice  is  out  of  the  channel  thus  reducing  the 
river's  capacity  to  discharge  storm  runoff.  The  icc  breaks  into  large 
sheet  and  piles  up  in  jams  at  bridges,  restrictive  channel  areas,  and 
other  river  structures,  thus  aggravating  the  flood  situation  ana  endanger- 
ing downstream  structures.  Maximum  unit  discharge  for  the  Grand  River 
range  from  11  to  20  cfsm  (cubic  feet  per  second  per  square  mile  of  drainage 
area).  These  rates  are  higher  than  peak  rates  for  adjacent  urainage 
areas  of  comparable  size  in  southern  Michigan.  Floods  arc  also  expo r iencou 
curing  the  early  summer  months  of  June  and  July.  These  floods  result 
from  very  intense  rainfalls;  however,  the  limited  ae  i ia  1 coverage  of  these 
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storms  and  the  increased  channel  capacities  of  Lhe  downstream  channels 
prevent  widespread  flood  conditions  from  occurring  due  to  these  storms. 
Urban  and  main  stem  agricultural  average  annual  damages  experienced  within 
the  Basin  are  $990,700  and  $26,490  respectively.  Pertinent  flood 
damage  data  within  the  Basin  are  presented  in  Table  H-l.  The  major  flood 
of  record  on  the  Grand  itiver  occurred  in  March  i904  . It  was  caused  by 
high  temperatures.  Maximum  discharges  of  54,000  cfs  at  Grand  Kapids  and 
24,500  cfs  at  Lansing  were  recorded  for  this  flood.  Other  major  floods 
of  re  cord  of  slightly  less  magnitude  were  experienced  along  the  main  stem 
channel  in  March  1948,  April  1947,  March  1918,  March  1908  and  June  1905. 

In  addition,  water  surface  elevations  above  flood  stages  along  the  main 
stem  were  reached  twice  in  1949  and  three  times  in  the  opening  of  1950. 
These  floods  resulted  from  separate  snow  melts  and  high  intensity  rainfall 
Pertinent  flood  data  for  major  floods  experienced  at  Grand  clapids  , Lansing 
and  East  lansing,  which  comprise  about  70  percent  of  the  Basin's  total 
average  annual  damages,  are  presented  in  Table  11-2. 


TABLE  H-L 


SUMMARY  OF  FLOOD  DAMAGES 
GRAND  RIVER  BASIN 


Average  Annual  Damage.*, 


G arni  River 

Index  Pt. 

Zero  Damage 
Elevation 

River 

mile 

River 

Reach 

Avg.  Ann. 
Damages 

1 . Grandvil le 

28th  St . Bridge 

594. fa 

34.6 

34.0 

to 

37.0 

$109 ,800 

L.  G.und  Rapids 

Fulton  St.  Br . 

fa  03 . 7 

40.i 

37.2 

to 

45.5 

390, ODO 

Comstock  Park(iteri)  N.  Park  Br. 

45.1 

43.0 

to 

53.4 

2,530 

3.  Plain  tie  id  Twp. 

N.  Park  Br. 

o 12 .0 

45.1 

45.5 

to 

51.3 

48,500 

4 • Add 

M-2 I Br. 

fa  19  .0 

fa  1 .9 

o 1 .3 

to 

62.3 

3,480 

Ada  (Agri) 

1 1 

l f 

53.4 

to 

■ib  .0 

4,080 

) . Love L I 

M-‘)i  Br. 

fa22 .5 

70.0 

u9  .fa 

to 

71.0 

54,200 

Lovell  (Agri) 

1 1 

" 

fafa  .0 

to 

78.0 

4,450 

Saranac 

1 . idge  S t . 

7 b • ) 

77.5 

to 

7fc  .2 

No  Est. 

Ionia 

K-fab  Br  . 

o29  .0 

67.5 

88  .9 

to 

89  .2 

50,000 

Ionia  lAgri) 

" 

m 

7c. 0 

to 

j 7 .c 

9 ,9  00 

. Lyons 

Lyons  Dam 

o48  .o 

9 . .0 

95.3 

to 

9 j.2 

2,730 

1 1 a nd 

Kent  St.  Br . 

115.0 

112.2 

to 

113.5 

No  Est. 

Portland  (Agri) 

■ 1 

" 

07. fa 

to 

127.0 

1.250 

. Grnnl  Ledge 

W.B.  Gage 

140.  < 

13'  .0 

to 

142.0 

No  Est. 

Crane.  i«.dgc  (Agri) 

" 

127  .0 

to 

14u  .0 

iuO 

. i . Li  n.~  i'i;: 

N . Grand  liver 

819  .0 

1A8.7 

153.5 

to 

153.0 

54,300 

Ave  . B r . 

Landing  (Agri) 

1 1 

152.3 

i4fa  .0 

to 

158  .fa 

ilO 

>nd a It 

B idge  St.  Br . 

lo4  .o 

ifad  .4 

to 

1 j 5 . i 

No  Eb  t , 

imoudaie  (Agri) 

" 

1 1 

158.8 

to 

171 .4 

500 

l . _ ;ton  Rapids 

Hamlin  St.  Br . 

859  .5 

180.t 

180. C 

to 

181.5 

14,23  0 

Eaton  Rapids  (Ag, 

i)  " 

I 

171.4 

to 

2 16  .0 

2,050 

c.  JicR.son 

Sm  . Treu  t . PI . 

2 In  . 

217  .0 

to 

219  .5 

No  Es  t 

S nn  r \ 

34.0 

to 

2 iu  .0 

$752 , 33 J 

u!  cedar  Rive. 

IS.  East  Lansing 

t'a  rm  Lane  Br  . 

832.2 

.5 

3 .3 

to 

7.2 

$24i  , l>00 

sc  l-ansing  ( Agj.i)  Williams  ton  Dam 

21.0 

0 

to 

21  .0 

1 ,4i  0 

5 urtuu  y 

J 

to 

2 1 .0 

$2  <3 , Oo  0 

; cjmore  Cree3 

. . Mason 

12.7 

to 

14.o 

A 21,800 

BASIN  TOTAL 


$ L , 017 , 190 


TABLE  H - 1 (Cont'd) 


Average  Annual  Damages 

Zero  Damage  River 
Index  Pt.  Elevation  mile 

Areas  of  Other  Limited  Flood  Damage 

(No  Estimates  Hade) 


Made  River 

17. 

Muir 

18. 

Maple  River 

19  . 

Ovid 

Red  Cedar  River 

20. 

Okemos 

21. 

Williams  ton 

22. 

Fowlerville 

ThornaDole  River 

23. 

Hastings 

Avg .Ann . 

River  Reach  Dama ge s 


O.o  to  0.9 
about  19 
about  54 


9.5  to  10.9 
20.2  to  22.2 
about  33 


about  42 


J 


TABLE  H-2 


DATA  FOR  GRAND  RIVER  BASIN  MAJOR  FLOODS 


U.  S.  Geological  Survey 
Gage  Location 


E.  Lansing 

La  ns  ing 

Grand  Rapids 

(Red  Cedar  River) 

(Grand  River) 

(Grand  River) 

Zero  Damage  Elevation  (feet) 

832.0 

819.0 

603.7 

Related  Discharge  (cfs) 

2,500 

10,000 

27,000 

1904  Flood 

Stage  (feet) 

837.8 

825.2 

610.0 

Discharge  (cfs) 

8,000 

24,500 

54,000 

Volume  (inches) 

3.53 

3.50 

2.04 

Duration*  (days) 

6 

6 

10 

1905  Flood 

Stage  (feet) 

834.7 

820.3 

609.4 

Discharge  (cfs) 

4,900 

12,800 

50,200 

Volume  (inches) 

1.83 

1.45 

2.04 

Duration  (days) 

4 

4 

7 

1947  Flood 

Stage  (feet) 

8 35.9 

822.5 

606.3 

Discharge  (cfs) 

4,900 

16,400 

38,600 

Volume  (inches) 

1.54 

1.38 

1.33 

Duration  (days) 

4 

3 

5 

1948  Flood 

Stage  (feet) 

334.9 

820.0 

607 . 6 

Discharge  (cfs) 

4,960 

12,000 

42, 200 

Volume  (inches) 

1.32 

1.08 

1.46 

Duration  (days) 

3 

1 

5 

* Length  of  time  above 

flood  stage 
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b.  PAST  DEVELOPMENTS  . No  Federal  ' 1.  ood  ontrol  p.  jects  have  ,cn 
constructed  in  the  Grand  River  basil  ' L loving  the  March  1904 
the  city  of  Grand  ipids  expended  approximately  $1,000,000  tor  the  u -in- 
struction of  flood  retaining  walls  and  levees,  with  accompany inr  interior 
drainage  along  the  banks  of  the  Granc  River  within  the  city  limits. 

These  walls  were  designed  with  a two-foot  freeboard  allowance  over  Lae 
stages  reached  during  the  1904  flood.  Their  effectiveness  is  evidenced 
by  the  fact  that  flooding  damage  since  their  construction  has  been  con- 
fined to  the  southwestern  section  of  the  city  of  Grand  Kapids  which  i: 
not  protected  by  the  walls.  However,  the  j.948  flood  crested  within  two 
feet  of  the  top  of  these  walls.  The  downtown  area  of  Grand  Rapids  extends 
along  the  left  bank  of  the  River  immediately  adjacent  to  this  flood  wall. 
Small  service  businesses,  large  and  small  industries,  and  residential 
areas  are  Located  on  the  right  bank  of  the  river.  The  streets  on  both 
sides  of  the  river  in  this  section  are  several  feet  below  the  top  of  the 
floodwall.  Because  of  channel  silting  and  encroachment  of  the  walls 
into  the  natural  flood  plain,  a flood  of  the  1904  magnitude  would  probably 
overtop  the  flood  walls. 

7.  The  city  of  Jackson  modified  the  Grand  River  channel  by  encasing  th 
river  in  a concrete  conduit  placed  on  the  existing  riverbed  through  the 
central  business  district  and  by  widening  and  straightening  the  i ivtr 
channel  from  Jackson  Road  to  Berry  Road,  about  eight  miles  north  o:  Jack- 
son.  Most  of  the  concrete  conduit  is  exposed,  except  for  a small  section 
buried  under  buildings  along  both  sides  of  Michigan  Avenue.  No  signifi- 
cant flood  damage  has  occurred  since  this  improvement. 

8.  No  other  flood  control  projects  of  consequence  have  been  constructed 
by  other  Basin  communities.  Lowhead  power  dams  have  been  constructed  and 
maintained,  but  the  storage  capacity  of  these  structures  is  so  limited 
that  they  have  little  effect  on  flood  conditions  downstream. 

9 . GUIDELINES  FOR  DAMAGE  ESTIMATES  AND  PROJECT  FIRST  COSTS 
a . Damage  estimates 

(1)  Residential  flood  damages.  Residential  flood  damages  in  the 
Basin  have  been  estimated  by  synthetic  methods  for  grounds  and  for  build- 
ings and  their  contents.  The  synthetic  curves  were  originally  prepared 
by  the  St.  Paul  District,  Corps  of  Engineers,  and  are  based  upon  market 
values  of  dwellings  and  depths  of  flooding.  Tables  H-3  and  H-4  presented 
below,  developed  from  the  St.  Paul  District  data,  snow  estimated  flood 
damages  that  would  occur  in  typical  houses  having  various  market  values. 

As  an  example,  a $10,000  house  with  a basement  is  assumed  to  have  a radio, 
record  player,  sewing  machine  and  television  set  on  the  first  floor,  and 
a furnace,  washing  machine,  dryer,  deep  freezer,  work  bench,  and  tools  in 
the  basement.  The  market  va Luc  (say  $10,000)  docs  not  include  the  land 
va  Lue  . 
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TABLE  H-3 

TYPICAL  FLOOD  DAMAGE  ESTIMATE. 

TO  RESIDENTIAL  UNITS  WITH  T CEMENTS 


Market  Value 
Of  Residences 
( dol  lars ) 

Basement  Flooding 

1st  Floor 

Flood ing* 

Depth  over 
Floor  ( fee t) 

Dama ges 
( do  11a rs ) 

Depth  over 
Floor  ( feet) 

Damages 
( do  1 lar: 

1.0 

3l>0 

0.5 

2,550 

$ 8,000 

3.0 

580 

1 .0 

3,020 

1 .0 

530 

0.5 

3,080 

$10,000 

3.0 

810 

1 .0 

3,700 

1 .0 

o40 

0.5 

3 ,800 

$ l2 ,000 

3.0 

980 

1.0 

4,300 

* Includes  full  basement  damages 


TABLE  H-4 

TYPICAL  FLOOD  DAMAGE 

ESTIMATES 

TO  RESIDENTIAL  UNITS  WITHOUT  BASEMENTS 

Ma.ket  Value 

1st  Floor  Flooding 

>f  Residences 

Depth  over 

Damages 

(dollars ) 

Floor  ( feet) 

( dollars ) 

0.5 

2,000 

$ 8,000 

1 .0 

2,600 

0.5 

2,320 

$10,000 

1.0 

3,000 

0.5 

2,6  50 

$12,000 

1.0 

3,320 

i-;- 


J 


(2)  Industrial  and  commercial  fi  id  damages . Industrial  and 
commercial  flood  damages  were  computed  ir  ;n  data  obtained  by  random  inter- 
view and  on-the-spot  inspections.  Estimates  include  physical  damage 

to  buildings,  grounds,  equipment,  and  building  contents;  cost  of  flood 
fighting;  loss  of  earnings;  and  increased  costs  of  production. 

(3)  F lood  profiles  . Flood  profiles  were  developed  at  each 
locality  for  two  or  more  recorded  or  hypothetical  floods.  Flood  outlines 
which  show  basement  and  overland  flooding  were  drawn  on  area  nvips,  using 
the  profiles.  Except  where  otherwise  indicated,  the  maps  show  the  major 
f . ood  of  record  (the  1904  flood)  for  the  urban  damage  centers.  Also 
included  is  a summary  sheet  of  flood  damage  estimates  in  the  individual 
communities  from  the  selected  floods. 

(4)  dr  ice  index.  Damage  data  are  estimated  in  monetary  values 
which  are  in  accordance  with  the  February  I960  Engineering  News  Record 
(ENR)  Construction  Cost  Index. 

(5)  bevel  of  development.  The  flood  damage  estimate  summaries 
fo.  the  individual  cities  do  not  include  either  estimates  of  future 
damages  due  to  economic  growth  or  benefits  that  could  accrue  from  tne 
diminishing  flood  hazard  due  to  a project.  All  estimates  of  flood  uam- 
age  were  prepared  for  conditions  and  degree  of  development  at  the  various 
damage  centers  during  the  year  of  1965.  However,  damages  are  estimated 
at  the  i960  ENR  Index  Level,  unless  noted  otherwise. 

(6)  Average  annual  damages.  Average  annual  damages  were  compu- 
ted using  stage -damage , s tage -d is  charge , and  discharge-frequency  relation- 
ships developed  for  the  individual  damage  areas.  (Figures  1 through  10). 

b.  Project  first  costs.  Protection  schemes  were  developed  for 
each  urban  center  where  damages  were  significant  and  project  costs  were 
estimated.  included  in  each  considered  plan  of  improvement  are  all 
component  parts  of  the  project.  Contingencies  of  25  percent  of  the  given 
Federal  or  non-Federal  construction  costs  are  included  and  identified  in 
the  estimates.  The  costs  of  engineering  and  design  are  identified,  and 
are  shown  as  10  percent  of  the  Federal  or  non-Fede.ai  construction  costs 
(including  contingencies).  The  costs  of  supervision  and  administration 
are  6.5  percent  and  7.3  percent  for  Federal  and  non-Federal  construction 
costs  respectively  (including  contingencies  and  engineering  and  design). 
Estimates  are  based  on  experience  and  cost  records  of  similar  projects  of 
comparable  size. 

(1)  Price  leve  is  . February  1960  price  lcvcLs  were  used  for 
estimating  all  costs  and  benefits. 

(2)  Investment  costs.  For  projects  which  would  take  more  than 
two  years  to  construct,  the  investment  cost  lias  been  estimated  as  equal  to 
the  first  cost  plus  interest  on  the  first  cost  £o  half  the  construction 
period.  Interest  for  construction  periods  of  two  years  or  less  was  disregarded. 


(3)  Interest  rate.  The  interest  rate  used  in  studies  of  project 
investment,  evaluation,  allocation  of  costs,  and  cost  sharing  is  4-5 /fc 
percent.  (Re commended  rate  as  of  April  1969.) 

(4)  Annual  cost.  Annual  costs  were  computed,  including  annual 
interest  and  amortization  of  the  project  investment  over  the  estimated 
economic  life  of  the  project.  Also  included  in  the  annual  cost  is  the 
estimated  allowance  for  operation  and  maintenance  of  the  project  and 
reserves  for  repair  and  replacement  costs.  The  economic  life  or  amortiza- 
tion period,  used  for  evaluation  purposes  is  50  years  or  the  physically 
useful  life  of  the  facilities,  whichever  is  shorter. 
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URBAN  FLOOD  CONTROL  STUDIES 


10.  GENERAL . Many  of  the  Grand  River  basin's  major  urban  areas  are 
subject  to  periodic  flooding.  The  urban  areas  subject  to  flooding  within 
the  Basin,  listed  in  Table  H-5,  are  located  primarily  along  the  main 
stem  of  the  Grand  River  and  along  some  of  the  major  tributaries.  The 
scope  of  study  performed  for  each  of  these  urban  areas  was  based  on  the 
extent  of  damage  potential  that  existed.  The  damage  potential  of  each 
area  was  evaluated  through  field  reconnaissance,  contacts  with  local 
people,  and  available  office  data.  Detailed  studies  indicated  that 
damages  would  be  significant.  The  scope  established  for  these  detailed 
studies  is  preliminary,  however,  enough  detail  is  contained  to  estimate 
the  economic  feasibility  of  selected  plans  of  improvement.  These  studies 
consisted  of  description  and  identification  of  the  flood  problem,  and 
.-.election  of  several  plans  of  improvement  (such  as  local  protection,  area 
evacuation,  and  flood  control  reservoirs)  to  alleviate  the  flood  problem. 
In  addition,  flood  control  plans  were  compared  to  each  other  to  determine 
which  of  the  plans  would  yield  the  greatest  excess  of  benefits  over  costs. 
Pertinent  flood  data  for  areas  for  vhich  detailed  studies  were  made  are 
presented  in  Tabic  H-6  . 
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TABLE  H-5 


City 

Grand  River 


URBAN  DAMAGE  CENTERS 


River  Reach 
(Miles  from  mouth) 


1. 

Grandvil  le 

34.0 

to 

37.0 

2. 

Grand  Rapids 

37.2 

to 

45.5 

3. 

Plainfield  Township 

45.5 

to 

51.3 

4. 

Ada 

61.3 

to 

62.3 

5. 

Lowe  1 1 

69  .6 

to 

71.0 

6 . 

Saranac 

77.5 

to 

78.2 

7. 

Ionia 

8o  .9 

to 

89.2 

6. 

Lyons 

95.3 

to 

96.2 

9. 

Portland 

112.2 

to 

113.5 

10. 

Grand  Ledge 

139  .0 

to 

142.0 

11. 

Lans ing 

150.5 

to 

158.0 

12. 

Dimondale 

164  .4 

to 

165.1 

13. 

Eaton  Rapids 

180.0 

to 

181.5 

14. 

Jackson 

217.0 

to 

219  .5 

Red 

Cedar  River 

15. 

East  Lansing 

3.3 

to 

7 .2 

i n . 

Okemos 

9.5 

to 

10.9 

17. 

Williams ton 

20.2 

to 

22.2 

18. 

Fowlerville 

about  33 

S ycamore  Creek 

19. 

Mason 

12.7 

to 

14.6 

II-  I 2 


City 

Maple  River 
20.  Muir 


TABLE  H-5  (Cont'd) 


R ive  r Re  a ch 
(Miles  from  mouth) 


21.  Maple  Rapids 

22.  Ovid 
Thornapple  River 

23.  Hastings 


0.6  to  0.9 
about  19 
about  54 

about  42 
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TABLE  li-6 


MAJOR  FLOOD  DAMAGE  CENTERS 


RECORD  FLOOD  DATA 


Ups  tream 

Maximum 

Average 

Community 

Drainage  Area 

Year  S_ 

tagc  ( USGS ) 

Discharge 

CFS/SM 

Grandvil le 

5,000 

19  04 

605.4 

54,000 

10.8 

Grand  Rapids 

4,900 

19  04 

6 09  .9 

54,000 

11.0 

Plainfield  Twp 

. 4,850 

19  04 

617.1 

54,000 

11.2 

Ada 

4,000 

19  04 

628.2 

52,500 

13.1 

Lowe  1 1 

3 ,o40 

19  04 

633.7 

44,000 

12.1 

Ionia 

2,840 

1904 

o43 .5 

45,000 

15.8 

Lyons 

1,777 

19  04 

653.8 

32,600 

18.4 

Lans ing 

1,230 

1904 

825.8 

24,500 

19.9 

Eaton  Rapids 

66  1 

1947 

8o8  .8 

8,900 

13.4 

East  Lansing* 

355 

1947 

835.9 

5,920 

lb  .o 

* East  Lansing 

is  on  the  Red 

Cedar  River 

; all  other 

communities  listed 

a re  on  the 

Grand  River. 
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GRAND VI LLE 


a.  Description  of  area.  The  city  of  Grandviile  is  located  on  the 
main  stem  of  the  Grand  River  about  six  miles  downstream  of  Grand  Rapid:.. 

The  city  encloses  about  7-3/4  square  miles  within  its  boundar ics  . About 
5,000  square  miles  of  the  Grand  River  basin  lie  upstream  of  the  city; 
thus,  all  major  tributaries  within  the  Basin  contribute  to  Grand  River 
discharges  upstream  of  Grandviile.  Three  small  ditches  drain  into  the 
Grand  River  within  the  Grandviile  city  limits  and  comprise  a drainage  basin 
of  about  L30  square  miles.  In  the  immediate  vicinity  of  Grandviile,  the 
topography  ranges  from  an  elevation  of  590  feet  along  the  flood  plain  to 
800  feet  in  the  nearby  hills.  Soils  generally  are  typical  glacial  urift 
deposits.  The  fall  of  the  Grand  River  through  the  city  to  Lake  Michigan 

is  about  i7  feet  in  34  miles  and  within  the  city  limits  the  average  depths 
are  about  eight  to  nine  feet,  with  the  water  surface  widths  varying  from 
175  feet  to  350  feet.  During  flood  conditions,  stages  rise  another  six 
or  seven  feet,  while  water  surface  widths  increase  to  about  550  feet  with- 
out overflowing  their  banks.  The  maximum  non-damage  flow  in  the  Grand 
River  is  about  15,500  cfs . 

b.  F lood  problems . Virtually  every  year  the  city  of  Grandviile 
suffers  flood  damages  caused  by  the  Grand  River.  Direct  and  indirect  dam- 
ages are  caused  to  residences  and  commercial  and  industrial  establishments. 
Floods  have  been  experienced  at  Grandviile  in  40  of  the  67  years  of  record 
from  1901  through  1 967;  eleven  major  floods  having  been  experienced  in 
this  period.  For  the  purposes  of  this  report,  a major  flood  at  Grandviile 
is  taken  to  be  a discharge  in  excess  of  30,000  cfs.  The  most  severe  of 

the  floods  of  record  occurred  in  March  iy04,  when  the  river  crested  at  an 
elevation  of  605.4  feet  (which  is  10.8  feet  above  zero-damage  elevation 
of  594.6  feet)  with  an  estimated  peak  discharge  of  54,000  cfs.  During 
floods,  overland  and  basement  flood  damages  are  common  between  Chicago  Drive 
and  the  river.  North  of  28th  Street,  the  area  is  relatively  sparsely 
settled,  but  south  of  28th  Street  there  is  a heavy  concentration  of  resi- 
dential, commercial,  and  industrial  establishments.  A recurrence  of  the 
1904  flood  stage  would  send  flood  waters  over  and  to  the  south  of  Chicago 
Drive  and  basement  flooding  would  penetrate  southward  from  28th  Street  and 
eastward  from  Buck  Creek. 

c.  Average  annual  damage  computations.  The  city  of  Grandviile  exper- 

iences flood  damages  of  variable  intensity  almost  every  year.  Damages 
have  been  computed  for  three  floods  of  record:  1950,  1948,  and  1904,  and 

for  a hypothetical  flood  of  75,000  cfs.  Estimated  tangible  flood  damages 
for  the  three  recorded  floods  under  L961  conditions  ranged  from  6103,000 
for  a recurrence  of  the  1950  flood  stage  to  $783,000  for  a recurrence  of 
the  1904  flood  stage.  Relationships  among  flood  stage,  discharge,  and 
damage  are  plotted  in  Figure  H-l.  Table  H-7  contains  a summary  of  the  dam- 
age that  would  result  from  occurrence  of  a hypothetica 1 flood  and  from 
recurrences  of  the  1904,  1948,  and  1950  floods.  The  1904  flood  outline  is 
shown  on  Plate  H-3. 
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TABLE  H-7 


FLOOD  DAMAGE  SUMMARY  - GRANDVILLE,  MICHIGAN 


RIVER:  Grand 

RIVER  MILE:  34.0 

INDEX  POINT:  28th  Street  Bridge-Grand  River 


Hypothe  tical 
flood 

19  04 
flood 

1948 

flood 

1950 
f lood 

1 . 

Flood  stage  (USGS  elev) 

6 09 .1 

605.4 

602.7 

599  .0 

o 

Exceedence  freq.  (percent) 

0.35 

1 .8 

5.2 

25.0 

3. 

Discharge  (cfs) 

75,000 

54,000 

42,200 

27,200 

4 . 

Computed  residential  damages 

a . Units 

445 

298 

154 

81 

b.  Damages 

$443,000 

$287,500 

$118,000 

$55,000 

5. 

Computed  commercial  & 
industrial  damages 

a.  Units 

121 

105 

90 

28 

b.  Damages 

$2,097 ,000 

$495,500 

$143,000 

$48,000 

6 . 

Tota  is 

a . Units 

506 

403 

244 

109 

b.  Damages 

$2,540,000 

$783,000 

$261,000 

$103,000 

7 . 

Average  annual  damages 
(1961  price  level) 

$109 ,800 
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(.1 . Solutions  considered 

(1)  Three  methods  of  flood  control  protection  v.t  ^onscueiee 
to  alleviate  the  flood  damage  problem  at  Grandville:  reservoirs,  channel 

improvements,  and  construction  of  levees.  Each  of  these  solution-  is 
described  in  the  following  paragraphs: 

(a)  Flood  control  reservoir  studies  indicate  that  this 
method  of  control  at  Grandville  would  not  be  economically  feasible.  An 
extensive  network  of  reservoirs  would  be  necessary  to  control  the  basin 
runoff.  The  cost  of  reservoirs  at  these  numerous  sites  prohibits  this 
as  an  effective  method  of  flood  control. 

(b)  The  channel  slope  from  the  problem  area  downstream  to 
Lake  Michigan  is  less  than  one  foot  per  mile.  Extremely  large  channel 
excavations  would  have  to  be  made  to  produce  an  appreciable  change  in  i .ooc 
stages  at  Grandville,  The  cost  of  this  excavation  makes  this  method  of 
tlood  control  imprac  t lea  i. . 

(c)  The  construction  of  a levee  system  with  interceptors 
anil  pumping  facilities  for  interior  drainage  has  been  found  to  be  the  most 
practicable  and  justifiable  method  of  effectively  controlling  flood 
problems  and  enhancing  land  values  in  the  city  of  Grandville.  The  plan 
selected  (Plate  H-4)  includes  a levee  on  the  right  bank  of  Buck  Creed  from 
near  Chestnut  Avenue  to  the  Interstate  Highway  1-00,  which  has  since  been 
redesignated  as  1-196.  From  this  point  a low  levee  and  impermeable  blanset 
would  be  placed  on  the  river  side  of  the  existing  Interstate  Highway 

I-lyb  embankment  from  Buck  Creek  to  28th  Street.  A third  section  of  levee 
would  extend  along  the  north  side  of  28th  Street  from  Interstate  Highway 
1-106  to  the  vicinity  of  Sanford  Avenue  and  28th  Street.  Some  of  the 
more  important  project  features  are: 

_i.  The  design  water  surface  elevation  of  the  levees 

is  >08  feet. 

2,  The  average  height  of  the  levee  embankment  is  12  feet. 

2-  The  levee  top  width  is  10  feet,  and  the  sideslopes 
are  > vertical  on  2 or  3 horizontal. 

4.  The  freeboard  allowances  range  from  2 to  4 feet, 

Jj.  Closure  structures  are  necessary  at  street  crossings. 

6.  The  gravity  outlet  and  pumping  station  structure  is 
located  along  Buck  Creek  between  the  C.  6i  0.  Railway  and  I-19o. 

e . Economic  analysis.  The  cost  summary  shown  in  Table  H-8  induce.-- 
imputations  for  relocations,  levees,  land  acquisitions,  and  associated 
cost,  for  the  plan  of  protection  at  Grandville.  Cost  analysis  was  deter- 
mined as  follows: 
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Cent  ingencies 
E » 

S i A 


Fedei j I 
257. 
107. 

6 .5% 


n - Fede  t a 1 
254 


07. 

7.34 


Average  annual  charges  fo  the  proposed  plan  of  protection  are  estimated 
to  be  $79,900  for  an  interest  rate  of  4-5/8  percent  plus  amortization. 
Average  annual  tangible  benefits  to  be  derived  from  these  works  are  esti- 
mated to  be  $75,000.  Hence  the  ratio  of  benefits  to  costs  is  0.94. 

B/C  ratio  of  1.2,  $75, 000  r 1.2 

$o0,300 

based  on  price  Levels  of  1901  and  an  interest  rate  oi  2-5/8  percent. 


f.  Summary  of  Investigation.  The  city  of  Grandville  is  subject  to 
flooding  almost  every  year  with  average  annual  damages  estimated  to  be 
$1.09  , 8 00.  Engineering  studies  indicate  that  a levee  system  would  provide 
$ 75,000  of  average  annual  benefit.-,  for  an  average  annual  cost  of  $79,000. 
Previous  economic  studies  indicated  a feasible  project  and  resuLted  in 
an  interim  survey  report  for  Grandville  which  recommends  project  authoriza 
tion.  As  a result  of  a new  interest  rate  of  4-5/8  percent  the  B/C  ratio 
is  now  unfavorable.  Further  economic  studies  will  not  be  undertaken  and 
pre-construction  planning  will  not  be  initiated.  To  date  local  interests 
have  not  indicated  a willingness  to  fulfill  the  local  cooperation  require- 
ments . 


Total  First  Cost  1, 548,025 
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a . Description  of  the  area 

(1)  The  Grand  River  and  its  tributaries  drain  an  area  of  about 

55  '2  square  miles  of  southern  and  central  Michigan.  About  4900  square 

miles  of  the  drainage  basin  lie  upstream  from  Grand  ,lapids,  which  is  located 
in  the  reach  from  river  mile  37.2  to  45.5.  The  seven  major  tributaries 
drain  into  the  Grand  River  upstream  of  Grand  Rapids,  The  U.  S.  Geological 
Survey  v JSGS ) has  maintained  stream  gaging  stations  at  Grand  Rapids  from 
1401  to  1905  and  from  1930  to  date.  Stage  records  during  the  period 

1905  to  1930  were  obtained  by  the  U.  S.  Weather  Bureau.  The  USGS  stream 

gaging  station  is  currently  located  in  NE  '4,  Sec.  25,  T7N,  R12W,  on  the 
right  bank  500  feet  upstream  from  the  bridge  on  Fulton  Street,  1.7  miles 
upstream  from  Plaster  Creek  at  river  mile  41.  Flood  elevation  of  the 
March  28,  1904,  flood  was  608.2  feet  at  Pearl  Street,  where  the  stream 
gaging  station  was  located  at  that  time. 

(2)  Within  the  city  limits  of  Grand  Rapids  are  two  creeks  (See 
Plate  H-5)  that  discharge  into  the  Grand  River.  Plaster  Creek,  the  larger, 
is  22.3  miles  long,  and  drains  an  area  of  45.5  square  miles  to  the  south- 
east of  Grand  Rapids.  Indian  Mill  Creek  is  9.7  miles  long  and  drains  20 
square  miles  northwest  of  Grand  Rapids. 

(3)  The  valley  floor  of  the  lower  Grand  River  basin  westward 
from  Ionia  is  flat  with  a gently  sloping  gradient  to  Lake  Michigan.  In 
places,  the  flood  plain  may  extend  for  an  overall  distance  of  one-half 
mile  beyond  the  banks  of  the  Grand  River.  Beyond  the  valley  floor,  which 
i;>  one-half  mile  to  eight  miles  broad,  are  rolling  hills  of  glacially 
deposited  sands  and  gravels.  Near  Grand  Rapids,  elevations  range  from 
590  feet  in  the  flood  plain  to  840  feet  in  the  nearby  hills.  The  maximum 
relief  in  the  city  is  210  feet,  from  a low  elevation  of  590  feet  at  the 
river's  banks  to  a maximum  elevation  of  800  feet  on  the  west  side  just 
south  of  Reeds  Lake.  All  elevations  established  in  connection  with  these 
studies  have  been  referred  to  USGS  datum  and  mean  sea  level. 

(4)  The  Grand  River  is  approximately  500  to  600  feet  wide  as  it 
passes  through  the  city.  Stream-bank  elevations  are  about  610  feet  in 
the  northern  portion  of  the  city  and  about  595  feet  in  the  southwestern 
portion  of  the  city.  After  the  record  flood  of  1904,  the  city  of  Grand 
Rapids  built  floodwails  and  levees  with  interior  drainage  works  for  protec- 
tion of  the  city.  The  floodwails  and  levees  were  constructed  to  exceed 
the  1904  flood  profile  by  two  feet  of  freeboard.  To  date  the  floodwails 
have  provided  satisfactory  control  against  floods  and  prevented  serious 
damage  . 


(5)  The  Grand  Rapids  sewer  system  is  mostly  separate  storm  and 
unitary  sewers  except  for  the  older  parts  of  the  city,  which  have  combined 
torm  and  sanitary  sewers.  The  city  is  now  converting  the  combined  sewers 
to  a separate  sewer  system.  Where  the  sewers  are  separate,  the  storm  sewer 
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outlets  empty  either  directly  into  the  Grand  River  or  into  Plaster  Gi  eh, 
Indian  Mill  Creek,  or  Lamberton  Creek,  Most  of  the  storm  sewer  out.'  t 
emptying  into  the  Grand  River  are  equipped  with  flap  gates  or  slide  ;ates. 
Most  of  the  sanitary  sewers  from  the  outlying  areas  connect  into  the  com- 
bined system  where  the  sewage  is  conveyed  by  gravity  to  the  Market  Street 
Pumping  Station.  From  here,  the  sewage  is  pumped  to  the  nearby  sewage, 
treatment  plant.  The  Market  Street  Pumping  Station  handles  75  percent  of 
the  area's  sewage;  the  rest  goes  directly  to  the  plant  from  the  southi as  tern 
part  of  the  city  by  gravity  flow.  Often,  after  a storm,  the  capacity  of 
the  sewage  treatment  plant  is  exceeded,  and  the  excess  amount  is  d i r.  .haryed 
directly  into  the  river  at  the  Market  Street  Pumping  Station.  On  rare 
oc.casions,  it  is  necessary  to  divert  above-normal  sanitary  sewage  flows 
directly  into  the  Grand  River.  When  the  Grand  River  stage  exceeds  jI.o 
feet,  the  river  backs  up  into  the  sewage  treatment  plant  effluent  Outlet) 
pipe.  When  this  happens  the  sewage  treatment  plant  halts  all  treatment 
and  diverts  all  sewage  flow  to  the  Market  Street  Pumping  Station  where  it 
is  pumped  directly  into  the  Grand  River.  The  Market  Street  Pumping 
Station  has  two  pump  houses,  the  original  facility  built  in  1911  and  the 
newer  one  built  in  1927.  The  older  pump  house  was  part  of  the  original 
flood  control  project  of  floodwalls  and  levees  constructed  in  1511  to 
prevent  a recurrence  of  the  disastrous  1904  and  1905  floods.  It  has  four 
42-mgd  pumps  for  diverting  excess  storm  runoff.  The  newer  building  incor- 
porates four  36-mgd  pumps  for  diverting  excess  runoff  and  four  smaller 
sewage  lift  pumps  which  pump  only  to  the  sewage  treatment  plant.  Nearby, 
on  the  other  side  of  the  Grand  River,  are  the  two  new  pumping  stations, 
Garfield  Avenue  and  Front  Avenue  Pumping  Stations,  both  built  in  1955. 

Both  pumping  stations  have  two  28.8-mgd  pumps  for  discharging  directly 
into  the  Grand  River  and  are  operated  only  when  the  Market  Street  Pumping 
Station  cannot  handle  the  excess  flow.  All  three  pumping  stations  are 
interconnected.  In  addition,  there  is  an  overflow  outlet  at  the  foot  of 
First  Street,  where  much  of  the  excess  flow  from  the  First  Street  Drainage 
District  is  diverted  into  the  Grand  River.  The  overflow  outlet  i>  equipped 
with  control  gates,  so  Grand  River  flood  waters  cannot  enter  the  sowers. 

Also,  in  the  immediate  downtown  area  are  small  separate  storm  sewers 
with  outlets  through  the  floodwalls.  These  outlets  are  all  equipped  with 
flap  gates  or  control  gates.  The  new  expressways  also  have  a separate 
drainage  system  with  outlets  in  the  floodwalls.  Since  the  expressways  are 
elevated,  Grand  River  flood  water  backup  into  their  drainage  outlets  and 
system  presents  no  problems. 

(6)  The  Grand  River  flows  through  an  area  of  glacial  drift, 
reaching  bedrock  in  the  central  portion  of  the  city.  The  drift  was  ueposited 
by  the  alternately  advancing  and  receding  lobes  of  a glacier.  The  glacial 
drift  is  sand,  gravel,  and  clay.  The  soils  in  the  area  are  primarily  those 
glacial  fill  deposits,  although  there  are  minor  strips  of  alluvium  and 
organic  muck  along  the  stream  courses.  The  upland  soils,  primarily  sandy 
loams  or  sand  with  silt  loams,  are  predominantly  porous,  loose,  and  well 
drained,  whereas  the  soils  of  the  flood  plains  tend  to  be  less  well  drained 
because  of  the  greater  proportion  of  silt  and  lime  in  the  subsoils. 
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Within  Grand  .tap  ids  , the  soils  on  the  left  bank  ; u:  tly  impervious. 

Some  infiltration  problem  could  be  expected,  In  re  on  the  lower  part 
of  the  right  bank  where  Plainfield  sand  predominates. 

17)  Grand  Rapids,  the  second  largest  city  in  Michigan,  is  served 
by  the  Pennsylvania,  Chesapeake  and  Ohio,  Grand  Trunk  Western,  and  New 
York  Central  railroads  and  by  many  good  state,  Federal,  and  Interstate 
highways.  Three  railroad  bridges  and  nine  highway  bridges  cross  the 
Grand  River  at  Grand  Rapids.  The  1960  Census  reported  the  population  as 
1/7,313. 


(8)  Grand  Rapids  is  a manufacturing  city,  a wholesale  trade 
center,  and  a regional  shopping  center  serving  a large  area  just  outside 
the  reach  of  Chicago  and  Detroit.  It  is  nationally  famous  for  furniture 
manufacture.  Although  today  the  furniture  industry  is  much  less  dominant 
in  the  area's  economy  than  it  was  two  decades  ago,  it  still  is  one  of 
the  most  important  industries.  In  1950,  about  one  manufacturing  worker 
in  six  was  employed  in  a furniture  factory.  Grand  Rapids  still  is  striving 
to  maintain  a dominant  position  in  better  quality  furniture  manufacturing. 
However,  the  fabrication  of  automobile  bodies  and  other  auto  parts  now 
employs  about  as  many  persons  as  the  furniture  factories.  Other  factories 
manufacture  refrigerators,  plumbing  supplies,  numerous  items  of  machinery, 
foundry  products,  and  items  fabricated  of  metal.  Although  no  basic  steel 
is  produced  here,  steel  is  readily  available  from  nearby  sources.  Merchants 
throughout  much  of  the  Lower  Peninsula  depend  on  Grand  Rapids  as  a whole- 
sale supply  depot.  Its  wholesale  grocery  business  is  especially  large 
due  in  part  to  the  large  fruit  and  vegetable  farming  enterprises  along  the 
Lake  Michigan  shore. 

b.  Flood  problems.  The  1904  maximum  flood  of  record  in  Grand 
Rapids  has  been  computed  to  have  an  exceedence  frequency  of  1.7  percent; 
that  is,  there  is  a 1.7  percent  chance  of  such  a flood  being  equalled  or 
exceeded  in  any  given  year.  After  the  flood  of  record  in  1904,  the  city 
of  Grand  Rapids  built  a series  of  floodwalls  and  levees,  with  associated 
interior  drainage  works.  The  floodwalls  were  built  to  contain  the  1904 
profile,  with  a two-foot  allowance  for  freeboard.  However,  the  1948  flood, 
which  peaked  at  42,200  cfs  (22  percent  less  in  discharge  than  the  1904 
estimated  54,000  cfs  peak),  came  within  two  feet  of  overtopping  the  flood- 
walls.  This  condition  was  caused  by  the  constricting  effects  the  walls 
have  produced  by  eliminating  the  overbank  flow  area  and  also  by  sedimenta- 
tion effects.  Under  existing  conditions,  the  city  of  Grand  Rapids  is 
fairly  well  protected,  except  for  the  southwestern  portion  of  the  city, 
against  floods  producing  flows  of  about  the  magnitude  of  the  1948  flood. 

If  the  floodwalls  were  to  fail  or  be  overtopped,  the  damages  would  be 
extensive.  Based  on  1960  price  levels  and  existing  physical  conditions, 
average  annual  damages  at  Grand  Rapids  are  estimated  to  be  $390,000.  The 
Grand  River  reaches  flood  stage  at  elevation  603.7  feet  on  the  USGS  gage, 
located  500  feet  upstream  from  the  Fulton  Street  bridge.  This  stage 
corresponds  to  a discharge  of  28,000  cfs.  At  elevations  just  above  flood 
stage,  603.7  feet,  widespread  flooding  occurs  in  the  North  Park  and 
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Comstock  Park  areas  north  of  the  City,  anf'  leakage  at  iioudvalls  begin- 
in  several  locations  downtown,  initiating  pumping  operations.  At  a .tage 
of  608.3  feet,  complete  protection  is  obtained  by  sanubagging  in  the 
vicinity  of  the  Ann  Street  bridge.  At  elevation  608.5  feet,  overflows 
begin  on  the  west  bank  at  Pearl  Street,  by  comparison,  the  stage  of  '.he 
100-year  flood  of  61,000  cfs  is  approximately  611.4  feet.  In  these  tudie 
Plaster  Creek  and  Indian  Mill  Creek  were  investigated  to  determine  whether 
flooding  was  primarily  due  to  backwater  from  the  Grand  Kiver  or  the  head- 
waters of  the  creeks.  Using  the  March  1948  conditions,  the  peak  di. charge 
was  calculated  for  each  creek,  and  s tage -d is  charge  relationship  was 
stablished  at  a bridge  on  each  creek  located  within  the  known  flooded 
areas.  The  maximum  stage  heights  calculated  were  found  to  be  well  . ■ i ov 
the  recorded  highwater  marks.  This,  plus  the  fact  that  peak  c is chari  •..•s 
for  Plaster  Creek  and  Indian  Mill  Creek  occur  three  days  before  tae  ^rand 
River  peak,  indicate  that  flooding  adjacent  to  the  creeks  is  almost  entiie 
due  to  backwater  effects  from  the  Grand  River. 

c . Average  annual  damage  computations 

(1)  Flood  profiles  were  developed  from  known  flood  elevations 
and  s tage -discharge  curves  computed  therefrom  by  the  slope -area  method. 
Using  these  profiles,  flood  outlines  were  drawn  on  aerial  mosaics  for  flow 
of  42,000,  54,000,  and  70,000  cfs.  The  flood  outlines  showed  areas  of 
basement  flooding,  flooding  less  than  two  feet  of  depth,  and  flooding 
greater  than  two  feet  of  depth.  Flood  outlines  for  the  42,000  cfs  flood 
were  not  used,  but  actual  damages  reported  in  the  Grand  Rapids  hearing 
were  used.  Also,  since  it  was  assumed  that  a flood  of  54,000  cfs  might 
overtop  the  floodwalls  or  levees,  damages  were  computed  for  this  flow  for 
both  overtopping  and  non-overtopping  of  the  floodwalls  or  levees,  as  shown 
in  Table  H-9.  The  1962  Grand  River  Regional  Flood  Frequency  Study  was 
used  to  determine  the  frequencies. 

(2)  The  1960  census  data,  the  aerial  photos,  and  the  St.  Paul 
curves  were  used  to  estimate  residential  damages.  Figure  H-2  shows  rela- 
tionships among  flood  stage,  discharge,  and  damage.  Basement  damage  v:a. 
assumed  to  occur  until  the  greater  than  two-foot  depth  was  reached,  since 
most  of  the  houses  in  the  area  subject  to  overland  flooding  have  their 
first  floor  approximately  three  feet  above  the  existing  grade.  Average 
damage  figures  for  the  various  price  ranges  of  houses  were  computed  for 
basement,  under  two-foot  depth,  and  greater  than  two-foot  depth  flooding. 
These  figures  were  then  multiplied  by  the  number  of  houses  in  each  value 
category,  and  damages  were  computed  for  discharges  of  54,000  cfs  (.with  no 
overtopping  of  levees),  54,000  cfs  (with  overtopping  of  the  levees)  and 
70,000  cfs.  The  study  catalogued  the  small  commercial,  small  industrial, 
large  commercial,  large  industrial,  and  miscellaneous  buildings  in  Grand 
Rapids.  To  obtain  representative  damage  figures,  plant  managers  of  21 
industrial  companies  were  interviewed.  The  companies  selected  were  widely 
dispersed  and  varied  in  nature.  Furniture  manufacturing  companies  were 
investigated  in  more  detail  than  other  industries.  Damage  evaluation 
included  structural  damage,  electrical  and  equipment  damage,  stock  and 
inventory  damage,  increased  cost  of  operation,  cost  of  flood  lighting,  and 
cleanup  costs  . 


i!  -23 


.'nit  damages  developed  in  thi:  study  are  as  to  l lew 


DAMAGES  ASS-SSEL 


Type  of 

Sma  1 1 

Large 

Small 

Large 

damage 

comme  rc ia  1 

commercia  1 

indus  tr iai 

indu > tr ia 1 

Mis  cel  lane 

Basement 

$1,050 

$ (,,000 

$ 2,000 

Cons  id ere d 

$ 6,000 

Less  tlian  2 ft. 

4,500 

lb, 000 

15,000 

Se  para  te  ly 

18,000 

Greater  than 

2 ft. 

7 ,600 

30,000 

24,000 

30,000 

Using  the  above  unit  damages.  mmerciai  damages  were  estimated  for  the 
same  floods.  Stage-discharge,  d is  charge -damage , and  discharge-frequency 
curves  were  drawn  for  the  index  point  at  the  USGS  gage  at  Fulton  Street. 
A damage- frequency  curve  was  developed  and  an  average  annual  damage  of 
$300,000  was  computed.  Residual  damages  for  the  100-year  design  flood 
were  determined  to  be  $190,000,  leaving  $200,000  as  benefits. 

d . Solutions  cons idereu 


(1)  The  flood  prevention  measures  considered  for  the  Grand  River 
at  Grand  Rapids  were  impoundment  of  the  flood  flows,  channel  improvement 
(including  deepening  of  the  channel),  and  construction  of  levees  and  flood- 
wails.  Each  of  these  studies  is  described  in  the  following  paragraphs. 

(a)  A study  of  reservoir  sites  in  the  Grand  River  basin 
indicates  that  there  are  24  potential  retarding  basins.  These  studies 
indicate  that  only  seven  of  these  sites  require  further  study.  The  seven 
reservoir  sites  offering  protection  to  Grand  Rapids  are: 

Smithville  Reservoir  on  Grand  River 
Williams  ton  Reservoir  on  Red  Cedar  River 
Okemos  Reservoir  on  Red  Cedar  River 
Portland  Reservoir  on  Lookingglass  River 
Millett  Reservoir  on  Grand  River 
Muir  Reservoir  on  Maple  River 
Labarge  Reservoir  on  Thoinapple  River 

These  sites  were  selected  by  screening  potential  flood  control  reservoirs. 
Flood  routing  studies,  using  various  combinations  of  reservoirs,  indicate 
that  the  peak  discharge  for  the  100-year  flood  at  Grand  Rapids  could  be 
reduced  from  61,000  cfs  to  as  low  as  35,000  cfs ; however,  as  single  purpose 
reservoirs  they  cannot  be  economically  justified. 
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TABLE  II -9 


FLOOD  DAMAGE  SUMMARY  - GRAND  RAPIDS,  MICHIGAN  (Entire  city) 

RIVER:  Grand 

RIVER  MILE:  40.8 


INDEX  POINT:  Fulton 

Street  Bridge 

1948 

1904  flood 

1904  flood 

Hypothet ici 

flood 

(no  overtopping) 

(overtopping) 

flood 

1. 

Flood  stage 
(USGS  elev) 

607.5 

609.9 

609.9 

612.9 

2. 

Exceedence  freq. 
(percent) 

4.9 

1.7 

1.7 

0.5 

2 m 

Discharge  (CFS) 

42,200 

54,000 

54,000 

70,000 

4. 

Computed  resi- 
dential damages 

a.  Units 

7 

367 

4,499 

7,103 

b.  Damages 

$17,000 

$196,240 

$3,479,900 

$10,964,470 

5. 

Computed  business 
damages 

a.  Units 

36 

179 

778 

835 

b.  Damages 

$239,865 

$1,605,750 

$6,113,075 

$13,563,110 

6. 

Totals 

a.  Units 

43 

546 

5,277 

7,938 

b.  Damages 

$256,865 

$1,801,990 

$9,592,975 

$24,527,580 

7.  Average  annual  damages 

(February  1960  price  level) 


$390,000 


(b)  Deepening  o£ 
was  felt  that  the  existing 
becau.e  oi  the  steep  river 
would  also  increase  stream 
foundations  might  '..v  threa 


tlu.  channel  wa-.  ils  . U ed. 

floodwails  would  It  eat  >d  by 

bottom  lope,  improve  meat  > t he  - 
flow  to  such  high  velocities  that 
toned  . 


However,  it 
unde . min ing  . 
hannel  bottom 
the  bridge 


(,  c ) The  plan  consiuered  the  most  suitable  was  the  improvement 
and  extension  of  the  existing  floodwails  along  with  bridge  modifications. 
Protection  will  extend  along  both  banks;  along  the  left  bank  the  upstream 
limit  i Three  Mile  Road  and  the  downstream  limit  is  the  downstream  crossing 
of  1-i.yo  near  the  . ewage  treatment  plant.  The  line  of  protection  along 
the  right  uank  extends  downs t. earn  from  a point  2200  .ret  north  of  Ann 
Street  to  the  downstream  crossing  of  1-1  . The  existing  floodwails  and 

levees  would  he  he igh te ned  to  pri'  ...c  a three-foot  freeboard  over  the 
100-year  flood  stage.  T mer  . - two- foot  minimum  e.  idge  clearance 
requirement,  it  would  be  nece.  . ry  to  replace  two  concrete  arch  bridges 
and  to  rais^  three  other  bridges.  The  pLan  of  improvement  also  calls  for 
the  removal  of  the  old  wer  dam,  which  now  server,  as  a beautification 
dam.  This  removal  would  reduce  the  height  requirements  for  the  floodwails 
and  levees  upstream  of  the  dam,  and  the  Sixth  Street  and  North  Park  Bridges 
would  not  have  to  be  raised.  The  only  objection  to  removal  of  the  dam 
is  that  its  backwaters  make  up  the  waterways  within  Comstock  Park,  and 
without  the  dam  the  Grand  River  bottom  is  mostly  dry  and  unsightly  during 
low  flow.  The  city  of  Grand  Rapids  lias  built  four  beautification  dams, 
one  to  three  feet  high,  to  eliminate  these  conditions  below  the  dam.  If 
the  eight-foot  high  power  dam  were  removed,  it  hould  be  replaced  by 
smaller  beautification  dams. 


(.d)  Most  of  the  Grand  Rapids  interior  storm  drainage  area  would 
be  affected  by  the  proposed  flood  walls  and  levees.  Analysis  of  the  existing 
pump  stations  and  capacities  indicates  that  they  aiw  adequate,  but  improve- 
ments would  be  made  to  serve  two  areas  net  currently  contributing  flows 
to  them.  The  area  in  the  northwest  -.ection  of  Grand  Rapids  next  to  the 
Grand  River  would  require  interior  drainage  facilities;  ,ecif ically , an 
open  ditch  interceptor  that  would  parallel  the  I~1‘  expressway  to  a new 
pump  station.  The  rural  and  industrial  development  of  this  area  would 
permit  construction  of  an  open  dit  h interceptor  there.  Outlet  facilities 
presently  discharging  into  the  Grand  River  through  the  expressway  would 
be  closed.  Topography  in  this  area  prevents  the  use  of  gravity  outlets. 

The  area  located  on  the  east  side  north  o:  Coldbrook  Creek  adjacent  to 
the  Grand  River  would  be  improved . The  area  lying  immediately  next  to  the 
floodwails  is  low;  the  rest  o;  the  area  rises  rapidly  in  elevation  into 
the  headwater  areas.  These  elevations  provide  sufficient  head  to  permit 
discharge  of  runoff  by  converting  the  existing  outlet  ewers  to  pressure 
conduits  for  the  final  few  hundred  feet  before  outfall  into  the  Grand  River. 
The  low-lying  area  behind  the  floodvall  would  require  a separate  drainage 
ystem  which  would  connect  to  a new  interceptor  and  >anip  station  system. 
Locations  of  proposed  pressure  conduits,  interceptor  drains,  interceptor 
ditch,  and  pump  stations  arc  shown  on  PLati  H -o , Plan  of  Protection. 


v-'.  Economic  analysis.  Ihc  cost  summary  shown  on  thi  next  page 
includes  computations  for  earth  work,  concrete  work,  repairs  to  existing 
protection  system,  interior  drainage  systems,  closure  structures,  removal 
of  the  |iower  dam,  and  associated  costs  for  the  plan  of  protection  at  Grand 
da  pills,  Residual  average  annual  damages  for  the  protection  plan  are 
$1'-’K), 000,  leaving  $200,000  as  avc rage  annual  benefit:  . Total  project 
average  annual  cost  amounts  lo  $420,700.  Hence  the  benefit,  to  cost  ratio 
is  0 .48  . 

Summary  of  investigation.  Previous  estimates  of  the  flood  damages 
■re  updated,  using  tiie  1962  regional  frequency  study  on  the  Grand  River 
basin.  A detailed  analysis  was  made  of  residential,  commercial,  and 
industrial  flood  damages,  costs  oi  construction,  and  benefit'  to  be  derived 
from  a plan  of  improvement.  A plan  of  protection  was  designed  to  protect 
residential,  commercial,  and  industrial  structures  from  a flood  of  61,000 
cfs  (a  100-year  flood).  The  proposed  protection  sy  tun,  wnich  vou Id 
raise  existing  floodwalls  and  levees  to  provide  three-foot  freeboard  over 
tile  100- year  flood,  uouid  cost  $7,895,500.  Annual  cost,  nased  on  amortiza- 
tion at  4-3/6  percent  interest,  is  $420,700,  including  1.5,300  in  operation 
and  maintenance  costs.  The  ritio  of  benefit.,,  $200,000,  to  annual  costs 
of  3420,700  is  0.48  to  one.  However,  benefits  shown  include  no  estimate 
o'  further  growth  or  land  enhancement . Currently,  the  character  of  the 
area  immediately  west  of  the  iver  has  changed  from  residential  to  service 
type  businesses  after  contru_tion  of  the  expressway.  Also,  it  is  consid- 
ered possible  to  change  the  location  of  the  Levee  in  the  southwestern 
portion  of  the  city  from  the  railroad  tracks  to  the  edge  of  the  Grand  diver 
with  an  additional  increase  in  construction  cost;  compensating  land  enhance 
ment  benefit.-,  are  obtained  for  an  area  of  approxima  te  ly  210  acres.  Con- 
struction of  flood  prevention  works  on  the  Grand  River  at  Grand  Rapids 
is  not  recommended  at  thi  time  because  of  the  unfavorable  balance  between 
benefit  and  cost.  However,  flood  control  benefits  arr  available  for 
inclusion  in  a multi-purpose  reservoir  project.  In  conclusion,  the  city 
of  Grand  Rapids  is  fairly  well  protected  from  a flood  of  the  1946  magnitude 
However,  were  the  floodwalls  or  levees  to  fail  or  be  overtopped,  the  damage 
would  reach  enormous  proportions. 


GRAM)  RAPIDS 


Summary,  S.tindte  uf  Cost  ( 10 . : ■ design  flood) 

A.  Non-Federal  Cost 


1 tom 

Contract 

Cunt  infancies 

E&tD 

So.  A 

TOTAL 

La  nd ; ( R 0W  ) 

$ 33,000 

$ 8,300 

$ 

$ 3,000 

$ 44,300 

Uigur ay  bridges 

1 ,o 59 ,000 

414,800 

207 ,400 

fob , 500 

2,447.700 

Subtota 1 - 

$1  ,69  2,000 

$423,000 

9207,000 

$166,900 

$2,491,900 

ti . Federal  Cos t 

Levees  a Flood 
wa  1 Is 

$1,619 ,000 

$404,800 

$202,400 

$144,700 

$2 ,370,900 

Interior  drainage  1,429,000 

357,300 

178,700 

127,700 

2,092,600 

C losure 

110,000 

27,500 

13,800 

9 ,900 

16 1 , 100 

A.R.  bridges 

399 ,000 

99 ,800 

49 ,900 

35,700 

584,300 

Dam  remova  1 

133.000 

33,300 

16  ,600 

11.900 

194,800 

Subtota  i 

$3,690,000 

$922,500 

$461,300 

$329,500 

$5,403,500 

Total  First  Cost$5,382 ,000 

$1,345,500 

$668,700 

$498,700 

$7,895,500 

ANNUAL  COST  SUMMARY 

Non-Federa 1 

$2,491,900 

x .0516  = 

$ 128,600 

Federa  1 

$5,403,500 

x .0516  = 

278,800 

Operation 

and  maintenance  $ 266,700 

x 0.05  = 

13,300 

Total  Average  Annual  Cost  = $ 420,700 

Comparison  o£  the  average  annual  cost  and  the  average  annual  benefit  reveals 
a B/C  ratio  of  $200,000  = .48 

$420,700 
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1 3 . PLAINFIELD  TOWNSHIP 

a . Des  cri  pi  i v n o_f the  ana 

(1)  Plainfield  Township  is  Located  in  the  west-central  portion 

of  Kent  County  Michigan  immediately  to  tht  north  of  the  city  of  Grand 
Rapids.  The  Grand  River  meanders  through  the  outhern  half  of  the  t \ n- 
ship  in  a near  emi-circular  fashion,  ir.  is  general  direction  of  ca.  t to 
west.  The  Grand  River  enters  Plainfield  township  at  river  mile  53.fi  ind 
leaves  at  river  mile  45,5.  In  this  reach  of  roughly  eight  river  miles, 
there  is  only  one  bridge:  U.  S.  Highway  1)1  on  Plainfield  Avenue  at 

river  mile'  51.3.  Most  of  the  homes  in  Plainfield  Township,  therefor* 
most  of  the  flood  damages,  are  in  the  downstream  six  miles  of  the  eight 
mile  reach.  Within  this  six  mile  stretch,  a large  number  of  the  homes  are 
grouped  together  ir.  ar.  area  two  miles  in  length  along  the  river.  Mast 

of  the  low  lying  houses  in  this  area  are  wood-frame  dwellings  built  above 
thr  surrounding  ground  on  high  foundations  or  on  pilings.  The  remaining 
upper  two  miles  of  the  Grand  River  in  Plainfield  Township  was  not  considered 
for  protection  since  the  cost  of  protective  works  for  the  few  isolated 
homes  would  far  exceed  the  benefits  to  be  derived. 

(2)  The  drainage  area  of  the  Grand  River  at  the  downstream  limit 
in  Plainfield  Township  (river  mile  45.5)  is  4850  square  miles.  One 
major  tributary,  the  Rogue  River,  joins  the  Grand  Rivet  in  Plainfield 
Township  at  river  mile  51.  This  tributary  contributes  2G0  square  miles 

of  drainage  area.  There  are  no  USGS  gaging  stations  on  the  Grand  River 
in  Plainfield  Township,  but  there  is  one  just  downstream  at  Grand  Rapids 
at  which  point  the  drainage  area  is  4900  square  miles.  This  gage  is 
located  in  NE  .,  section  25,  T7N,  R12W , on  the  right  bank  500  feet  upstream 
from  the  bridge  on  Fulton  Street  in  downtown  Grand  Rapids  at  river  mile 
41.  Continuous  records  of  stream  discharges  are  available  for  this  gage 
for  the  period  October  1130  to  date.  A staff  gage  with  flood  stages 
recorded  back  to  1947  is  privately  operated  by  a resident  on  Abrigador 
Trail  within  the  study  area. 

(3)  Plainfield  Township  has  shown  a latge  increase  in  population 
from  1940  to  date.  The  1960  census  reported  the  total  number  of  resident 
in  the  township  as  ll,6G0  persons,  a 94  percent  increase  over  the  previous 
decade  and  a 201  percent  increase  from  the  1940  figure  of  3876  persons. 

The  small  unincorporated  village  of  Comstock  Park,  whose  1965  population 

is  reported  as  2500  persons  , is  in  the  flood  damage  area.  USGS  topographic 
mapping  dated  1918  for  Plainfield  Township  is  drawn  to  the  scale  of  one 
inch  per  mile  with  contour  intervals  of  20  feet. 

(4)  Soils  in  the  area  are  primarily  glacial  till  deposits  with 
minor  strips  of  alluvium  and  organic  mucks  along  stream  courses.  The  upland 
soils  are  pervious  sandy  loams  and  sands  with  some  silt  loams.  They  are 
predominantly  por 'us , loose  and  well  drained  because  of  the  large  portion 

of  silt  and  lime  the  subsoils. 


Flood  problems.  The  areas  vulnerable  to  damages  in  r la  in- 

i'- U1  Township  are  residential  with  little  ind'istr  i oi  business  development. 
'1  >od  damages,  which  are  experienced  almot  -t.j.  ly,  are  mostly  direct 
'S-  -s  to  private  dwellings  both  in  real  and  personal  property.  Flood 
los.-es  to  crops  are  negligible,  since  [lancing  and  cultivation  begins 
alter  recession  of  flood  waters  and  lowering  of  the  ground  water  table  in 

1th'  early  summer.  Many  of  the  homes  in  the  flood  plain  fall  into  the 

>.ati  ory  f summer  cottages,  occupied  during  the  summer  months  over  the 
weeKend  or  for  the  vacation  period.  During  the  1947  and  1948  floods, 
to  t >£  the  homes  in  this  area  were  surrounded  by  about  five  feet  of 
watt  . S ne  of  the  homes  are  constructed  on  high  posts  or  piers  to  protect 
them  from  normal  high  stages;  however,  in  1947  most  of  these  homes  had 
water  over  the  first  floors.  Development  of  the  area  has  been  curtailed 
because  of  the  flood  threat.  The  most  heavily  damaged  area,  between  river 
miles  -.5.5  and  51.5  (US-131  Highway  fridge),  experiences  periodic  flooding 
in  spring  and  early  summer  about  every  other  year.  The  construction  of 
a -over  dam  in  Grand  Rapids  '..as  ^austd  a shoaling  effect  by  decreasing 
the  velocity  of  the  stream  with  resulting  sediment  deposits.  A result 
of  this  shoaling  is  reduced  channel  capacity,  forcing  the  rising  backwaters 
to  enter  the  small  tributary  creeks  draining  the  swampy  lowland  bordering 
thf  river  channel,  inundating  the  roadways  and  housing  lying  between  the 
low  bank  of  the  Grand  River  and  the  creek  marshlands.  Ice  jams  during  the 
string  breakup,  caused  by  piling  and  bridge  piers,  also  contribute  to 
f Hooding  conditions.  Based  on  the  statements  of  long-term  residents  in 
Comstock  Park  and  vicinity,  it  appears  that  bottom  elevations  of  the  stream 
have  risen  considerably  because  the  normal  flow  of  the  Grand  River  has 
been  impeded  downstream  by  structures.  It  is  reported  that  at  low  stages 
it  is  possible  to  wade  across  the  river  merely  by  avoiding  the  hoLes, 
which  are  to  be  found  at  the  outer  edges  of  bends  or  near  jutting  obstruc- 
tions at  the  stream  bank.  Although  loss  of  life  Iras  not  been  recorded 
from  floods  in  Plainfield  Township,  disaster  services  of  County  and  State 
organizations  and  of  the  local  Red  Cross  units  have  been  called  upon 
frequently  to  assist  in  evacuating  homeowners  and  to  perform  miscellaneous 
services  such  as  feeding,  clothing,  and  providing  temporary  shelter. 

c.  Average  annual  damage  computations.  Flood  damages  were  deter- 
mined for  three  variable  flood  stages,  namely,  the  1904  flood  stage,  (see 
Plate  H-7)  the  1948  flood  stage  and  a hypothetical  flood  stage.  The 
19  2 Grand  River  Regional  Flood  Frequency  Study  was  used  to  determine  the 

I frequencies  of  these  floods.  A summary  of  damages  occuring  from  these 

flood  stages  is  present  in  Table  H-10.  S tage -d is  charge , damage  and  dis- 
-harge  frequency,  and  stage-damage  curves  for  Plainfield  Township  are 
hown  in  Figure  H-3. 
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TABLE  H-  10 

FLOOD  DAMAGE  SUMMARY  - PLAINFIELD  TOWNSHIP,  MICHIGAN 


RIVER:  Grand 

RIVER  MILE:  45.1 

INDEX  POINT:  North  Park  Bridge  - Grand 

River 

Hypothetical 

19  04 

1946 

flood 

flood 

flood 

1.  Flood  stage  ( USGS  elev) 

00 

r^. 

sD 

617.1 

6 15  .8 

2.  Exceedence  frequency  (percent) 

1 .0 

1.6 

5.2 

3.  Discharge  (cfs) 

U 1,000 

54,000 

42,200 

4 . Tota  is 

a.  Units 

206 

202 

151 

b.  Damages 

$332,000 

$276,100 

$190,700 

5.  Average  annual  damages 

(February  1960  price  level)  $48,500 
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Solutions  considered 


(1)  Two  solutions  were  cons ide  ed  lor  tk  ■ ifooding  problem 
along  the  Grand  River  in  Plainfield  Township.  The  first  plan  was  for 
construction  of  intermittent  Kve  s and  flood  v.all  at  the  populated  regions; 
the  • econd  plan  was  for  loud  . lain  evacuation. 

(a)  Levee  and  f 1 oodwa  1 1 computation;,  (Plan  1).  The  pro- 
tection line  was  designed  to  be  intermittent  lever.;  and  flood  vails.  The 
flood  walls  would  be  used  only  in  iront  of  the  residences  where  the 
right-of-way  is  limited.  The  right  ban;-  protection  line  would  start 
-.,000  feet  south  of  the  point  where  the  left  bank  protection  line  would 
begin.  3oth  downstream  levee  limits  were  just  south  ol  the  Plainfield 
Cownsnip-Grand  Rapids  line.  No  protection  was  considered  necessary  on 
the  right  bank  u|  stream  th<  u«  River  confluence.  The  various  right 
ana  left  bank  levee  and  floodwall  lines  arc  shown  on  Plate  H-8  and  are 
described  as  follows: 

L.  Left  uank  protection  line.  This  bans  will  be 
protected  by  7450  linear  feet  of  levee  and  7900  linear  feet  of  floodwall. 
Heights  of  this  protection  line  vary  from  5.0  feet  to  14.0  feet,  with  the 
average  height  being  approximate ly  13  feet.  Top  elevations  vary  from 
621.5  feet  at  the  downstream  limit  to  u24.5  feet  at  the  upstream  limit. 
Ground  elevations  at  the  protection  lint  vary  from  603  to  020  feet.  The 
left  bank  will  be  protected  by  levee  system:  around  three  separate  areas. 

For  the  furthest  downstream  segment,  however,  it  would  be  less  expensive 
to  run  the  levee  up  both  banks  ol  two  small  creeks  tributary  to  the  Crand 
River  as  opposed  to  providing  additional  interior  drainage  pumping.  The 
furthest  area  upstream  on  the  left  bank  is  small  and  only  protects  several 
isolated  dwellings.  No  closure  structures  are  required  on  this  side  of 
the  river. 


2.  Right  rani-,  protc  :f  fm  I Inc  . This  bank  would  i.e 
protected  by  14,920  linear  feet  of  levee  and  "950  linear  feet  of  floodvall. 
Heights  of  the  protection  line  vary  from  5.0  feet  to  15.0  feet;  average 
height  is  11  feet.  Top  elevations  of  the  left  and  right  bank  protection 
lines  would  be  similar.  Ground  elevations  at  the  protection  line  vary 
from  .0  to  618  feet.  The  right  bank  would  be  protected  l-y  levee  systems 
around  three  separate  areas.  However,  it  the  protection  1 ini  for  Abrigador 
Trail  and  Comstock  Park,  it  would  be  less  expensive  to  tun  the  levee  up 
both  banks  of  the  two  tributary  creeks  of  the  Grand  River,  as  opposed  to 
providing  additional  interior  drainage  and  pumping.  One  closure  structure 
is  required  on  this  side  of  the  river  at  North  Par.  Street. 

For  this  intermittent  system  of  levees  and  flooa- 
valls  on  both  banks  of  the  Grand  River  it  was  considered  necessary  to 
in-lude  costs  for  10  separate  pumping  stations,  with  pumping  capacities 
ranging  from  30  cfs  to  215  cfs. 
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ill)  I'IihhJ  plain  evacurtion  (Plan  2>.  This  plan  onsidrrs 
i . purchase  ot  ulL  uumage- prone  property  and  dwellings  in  the  Grand  .liver 
t io.J  plain  from  Plaimieid  Road  l US-131)  to  river  mile  45.5.  It  was 
found  that  this  plan  would  be  the  cheapest  method  of  eliminating  the  flooo 
hazard.  There  are  320  residential  dwellings  totaling  $937,000  in  value 
which  would  hat.  to  bought  along  both  banks.  the  following  tabulation 
indicates  the  relatively  low  values  of  the  house  ,. 


Right  Ban 

Leit  Bank 

cost  dwe . lings 

Cos  t 

Dwelling  unit  No.  of 

cos  t dwe 1 lings 

Cos  t 

$ 7,000 

2 

$ 14,000 

$ 7,000  7 

$ 44 , 000 

6 , 000 

b 

48,000 

5,000  6 

30,000 

5,000 

6 1 

305,000 

4,500  83 

373,500 

4,000 

23 

52,000 

4 , 000  5 

36 ,000 

3,000 

0 

13,000 

2,500 

6 

15,000 

2 , 000 

6 

12,000 

l , 500 

3 

44,500 

TOTALS 

115 

$508,500 

105 

S488.500 

In  addition 

be  required 

to  the  220  dwellings,  a total 
, 925  acres  on  the  right  bank 

land  purchase  of  L663  acres  would 
and  738  acres  on  the  left  bank. 
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Economic  analysis.  The  average  annual  damages  along  the  Grand 
iivei  from  Comstock  Park  upstream  to  the  US-131  highway  bridge  are 
stimated  to  he  $48,500.  The  following  is  a tabulation  of  the  data  from 
the  our  basic  curves  i s tage-discharge  , discharge-frequency,  tage -damage , 
arii  damage-frequency)  tor  Plainfield  Township. 


Stage 

Discharge 

Damage 

Freq . 

_( ft) 

(cfs) 

(?) 

(*) 

b i2 .0 

16 ,000 

0 

57  .0 

b 1 '3 . 0 

21,000 

47 ,000 

35.0 

b 14 . 0 

28 , 000 

96,000 

19  .0 

6 15.0 

35,800 

i4o ,000 

9 .3 

1948  fiood  - 615.3 

42,200 

190,700 

5.2 

61b  .0 

-3,800 

202,000 

4 .5 

b 17 .0 

53,400 

26o ,000 

1 .9 

1904  flood  - ol7.1 

54 , 000 

276 ,100 

1 .8 

100  yr . flood- 6 17.  7 5 

ol ,000 

332,000 

1.0 

618.0 

63,800 

362,000 

0.85 

618.55 

70,000 

440,000 

0.50 

o 

■ < 
-O 

75,800 

520,000 

0.34 

619  .3 

78,800 

600,000 

0.27 

The  index  point  was  chosen  to  be  the  North  Park  Bridge,  at  river  mile  45.1. 
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SUMMARY,  ESTIMATE  OF  COST  (.Plan  i) 


A. 

Non 

-Federal  Co: 

. t 

1 tem 

Contrac  t 

Contingencies 

E&D 

S xA 

T u ta  1 

La  nd  s 

$ 

b 3.000 

$ 

15,750 

$ 

*4.500 

Subtota l 

$ 

03, 000 

$ 

15,750 

$ 

94,500 

B . 

Federal  Cost 

Levees 

$ 

0 29, 7 00 

$ 

157,400 

$ 78,700 

$ 56,300 

$ 

922 , 100 

F lood  wa 1 Is 

2,985,360 

746,300 

373,200 

266 ,800 

4,37i,700 

Pump  s ts ' s 

257,900 

64,500 

32,200 

23,000 

377,600 

Subtotal  Fed. 

$ 

3,872,960 

968,200 

484,100 

346 ,100 

5,671,400 

Total  First 
Cost 

$ 

3,935,960 

$ 

984,000 

$484,100 

$346,100 

$ 

5,750,200 

Annual  Cost  Summa , v 


Non-Federa  t 

$ 

94,500 

( .0516) 

$ 4,900 

Federa 1 

$5 

.£> 

O 

O 

( .0516) 

292  ,-.00 

Subtota 1 

$29  7 500 

Operation  and 

ma intenance 

10,700 

Total  average 

actual 

cos  t 

$308,200 

The  total  first  cost  of  an  intermittent  levee  and  iloodwall  scheme  along 
both  banks  is  estimated  to  cost  $5,750,200.  The  total  average  annual 
cost  at  4-5/8  percent  interest  over  the  50  year  life  of  the  project,  in- 
cluding $10,700  for  operation  and  maintenance,  is  estimated  to  be  $198,000. 
The  resulting  B/C  ratio  is  $ 48,500  r .1573 

$308,200 


SUMMARY,  ESTIMATE  OF  COST  (Pl.u  2) 


Federal  Cost 


Unit 
cos  t 


Contract 
cos  t 


I tern  Quantity 

Lands  ioo3  acres  $500/acre  $831,500 


Dwellin^..  220  units 
I'otai  Cost 


L.S. 


997,000 
Si,  82b, 500 


Cunt  intone  ios  E.517  S-aA 

$208,000  $103,950  $i35,135  $ 

249,000  124 ,0  00  89 , lOO 

$457,000  $226, b00  $224,235  $ 


c 100  years  and  4-5/87,  interest,  factor  s ,051b 


Total  average  annual  cost 
Average  annual  benefits 
Average  annual  cost 
B , C Ra  tie 


0.0516  ($2,738,300)  = $141,300 

$48,500 

$141,300 

$ 48,500  r .343 
$141,300 


f.  Summary  of  inves tiRation . Neither  of  the  two  most  suitable 
schemes  for  Plainfield  Township  flood  control  show  indications  of  prelim- 
inary feasibility.  If  this  area  were  protected  with  the  most  suitable 
protection  scheme -- levees  and  floodwalls--the  costs  to  be  incurred  would 
far  exceed  the  benefits  to  be  derived;  the  benefit-cost  ratio  is  .157. 

It  would  be  more  feasible  to  evacuate  the  flood  plain  (benefit-cost  ratio 
.343).  Since  the  two  alternative  plans  investigated  are  both  unfeasible, 
no  further  study  was  attempted  at  this  time.  The  study  reveals  a serious 
flood  damage  .problem  on  the  Grand  River  just  immediate  Ly  upstream  of  Grand 
Rapids  in  Plainfield  Township  of  Kent  County,  but  a feasible  solution 
to  the  problem  cannot  be  formulated.  It  is  concluded  that  no  further 
study  of  a local  protection  project  at  Plainfield  Township  be  made  at  this 
t ime  . 
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Tota  i s 
1,278 ,600 
1,459  700 
2 , 738,300 


W 


14.  ADA 


a . Uescripti on  of  the  area 

( 1)  Ada  is  located  in  the  central  portion  of  Kent  County 
approximately  10  miles  due  east  of  Grand  Rapids.  The  community  iii  s 
primarily  on  the  left  bank  of  the  Grand  River,  at  river  mile  6?.,  with 
the  majority  of  the  commercial  and  residential  establishments  centcrcc 
along  the  Thornapple  River,  approximately  one-half  mile  upstream  from 
its  confluence  with  the  Grand  River. 

(2)  A plant  and  distribution  center  has  been  constructed  on 
the  north  side  of  State  Highway  M-21  by  Amway  Corporation.  The  plant 

was  designed  for  protection  from  1904  flood  elevations.  A shopping  center 
is  proposed  for  the  south  side  of  M-21  highway. 

(3)  The  Grand  River  at  Ada  drains  4,000  square  miles.  The  Thorn- 
apple  River,  the  second  largest  tributary  of  the  Grand  River,  drains  849 
square  miles.  The  surrounding  countryside,  beyond  the  broad  flat  flood 
plain  at  the  confluence  of  the  Grand  and  Thornapple  Rivers,  is  hilly  and 
scenic.  Elevations  range  from  620  feet  at  the  confluence  of  the  rivers 

to  800  feet  on  some  of  the  hills  immediately  south  of  the  city. 

(4)  Ada  Township  has  shown  a large  increase  in  population  from 
1940  to  date.  In  1960  there  were  2887  residents,  a 46.8  percent  increase 
over  1950,  and  93.6  percent  increase  over  1940.  The  1965  population 

of  the  town  of  Ada,  located  within  Ada  Township,  is  estimated  at  400 
persons . 

(5)  The  USGS  gaging  station  nearest  to  Ada  is  on  the  Thornapple 

River  in  NWi;,  sec.  22,  T5N,  R10W,  on  the  right  bank  200  feet  downstream 
from  the  Labarge  powerplant,  2.3  miles  noithcast  of  Caledonia,  and  3.3 
miles  downstream  from  the  Coldwater  River  confluence.  The  drainage  area 
of  the  Thornapple  River  at  the  gage  is  773  square  miles.  Continuous 
records  are  available  for  the  periods  October  1930  to  September  1938  and 
from  October  1951  to  date.  The  USGS  gaging  station  nearest  to  Ada  on 
the  Grand  River  is  located  at  Grand  Rapids.  The  nearest  Weather  Bureau 
gaging  station  on  the  Grand  River  is  located  at  Lowell.  State  highway 
M-21  crosses  the  Grand  River  near  Ada,  and  three  bridges  cross  the  Thorn- 
apple  River  at  Ada:  the  Thornapple  River  Road  bridge,  a covered  pedestrian 

bridge,  and  the  Grand  Trunk  Western  Railroad  bridge. 

6.  Flood  probiems.  Flood  damages  in  the  town  of  Ada  are  experienced 
periodically,  but  are  small  due  to  the  small  size  of  the  community  and 
the  sparse  flood  plain  development  (see  Figure  11-4).  In  the  1950  flood, 
the  most  recent  for  which  damages  were  estimated,  the  total  damage  at  Ada 
is  estimated  at  $4,400  (1960  price  level).  All  of  the  damages  were  base- 
ment damages  to  residential  units  and  commercial  establishments.  The 
1904  flood  outline  is  shown  on  Plate  H-9. 


11-37 


r o *■ 


o.  Average  annual  damage  computations.  Flood  damage,  were  determined 
for  the  1904,  1948,  and  1950  flood  stages.  The  1962  Urund  River  Regional 
Flood  Frequency  Study  was  used  to  determine  the  frequencies  of  these  floods. 
Damages  incurred  for  these  floods  are  summarized  in  Table  H-ll. 

d.  Solutions  considered.  The  only  effective  method  of  controlling 
the  flooding  at  Ada  is  a levee  system.  Other  methods  of  flood  control 
would  be  too  costly.  (See  Plate  H-10) 


e.  Economic  analysis.  Two  separate  levee  lines  are  necessary  to 
control  the  flooding  at  Ada.  The  alignment  of  the  levees  is  shown  on 
Plate  H-lu,  Plan  of  Protection.  Levee  1,  which  is  1500  feet  long  and  2.2 
to  7.2  feet  high,  requires  7600  cubic  yards  of  fill  material.  Levee  2, 
which  is  4200  feet  long  and  2.2  to  7.2  feet  high,  requires  104,300  cubic 
yards  of  fill  material.  Levee  1 requires  1.3  acres  of  right-of-way;  levee 
requires  2.7  acres,  A pump  station  to  handle  interioi  drainage  of  33  cfs 
capacity  would  have  to  be  provided.  No  closure  structures  are  necessary 
for  the  streets,  since  sandbagging  would  be  adequate. 


SUMMARY  ESTIMATE  OF  COST 
A.  Non-Federal  Co..t 


1 tern 

Contract 

Contingencies 

E&J) 

SfrA 

T o ta  1 s 

Land.-,  (RJr.') 

$ 1,000 

$ 

250 

$ 125 

$ 100 

$ 1,475 

Subtota Is 

Non-Federa l 

$ 1,000 

$ 

250 

$ 125 

$ 100 

$ 1,475 

11 . Federa l Cost 

FiLl  ma ter ia 1 $2b0, 000 

$ 

70,000 

$ 35,000 

$25,000 

$410,000 

Pump  station 

39  ,o()0 

9 ,200 

4,900 

3,500 

57,200 

Sul  tota  Is 
Fedc  ra 1 

$319  ,600 

$ 

79 ,200 

$ 39  ,900 

$28,500 

$467,200 

Total  First 
Cos  t 

$320,600 

$ 

79 ,450 

$ 40,075 

$28,600 

$468,700 

SAY 

$468,700 

ANNUAL  COST 

SUMMARY 

Non-Federa 1 
F edera 1 
S ubtota 1 

Operation  and  maintenance 
Total  average  actual  cost 

$ 1,475 

467,200 

(0.0516)  • 
(0.0516)  = 

$ 80 
24,100 
$24,180 
6 00 
$24,780 
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FLOOD  DAMAGE  SUMMARY  - a DA , MICHIGAN 

RIVER:  Grand 

RIVER  MILE:  t>  1 . <=> 


INDEX  l'OINT:  M-21  Highway  Bridge 

-Grand  River 

1904 

OO 

1950 

Flood 

Flood 

F 1 nncj 

1 

Flood  State  (USGS  evel.) 

628.2 

626.4 

623.2 

2 . 

Exceedence  freq.  (percent) 

1.5 

4.5 

20 

3. 

Discharge  (CFS) 

52,500 

4 1 , 0C0 

26,f  ■ 0 

4 . 

Computed  residential 

a.  Units 

15 

13 

5 

b.  Damages 

$12,730 

$ 7,200 

$ 

2,700 

5. 

Computed  business  damages 

a.  Units 

3 

3 

1 

b . Damages 

$13,360 

$7,840 

$ 

1,200 

6. 

Miscellaneous  damages 

a.  Consumers  power  plant 

damages 

$ 5,000 

$ 3,000 

0 

b.  Roads  damages 

$ 3,000 

$ 1,000 

$ 

500 

7. 

Totals 

a.  Units 

18 

16 

6 

b.  Damages 

$34,090 

$19,040 

$ 

4> 

4-" 

O 

O 

8.  Average  annual  damages 

(February  1960  price  level)  $ 3,480 
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l ho  costs  included  in  the  levee  design  ari  -i  r t hwo  rk , p,  iping  station, 
right-of-way,  and  other  associated  costs.  The  r ta i iii  t cost  of  the 
.rotection  scheme  is  estimated  to  be  $468,7 bo,  which,  amortized  over  a 
50  year  period  at  4-5/8  pe,cent  interest,  gives  an  average  annual  cost 
ot  $24,180.  Operation  and  maintenance  is  estimated  at  $600,  bringing 
the  total  annual  cost  to  $24, /80.  The  average  annual  damages  after  con- 
struction (.residual  damages)  would  be  $240.  Subtracting  the  residual 
damages  it om  the  total  average  annual  damages  of  $3480  gives  average 
annual  benefits  ($3240).  Comparison  of  the  average  annual  benefits  and 
cost:  gives  a benefit-cost  ratio  0.13. 

f.  S imr.u r v o 1 investigation.  The  results  of  the  preliminary  studies 
indicated  that  levees  were  the  only  acceptable  solution  to  the  Ada  flood 
problem.  However,  the  benefit-cost  ratio  of  0.13  indicates  an  unfeasible 
solution  and  no  further  study  of  a flood  control  project  at  Ada  will  be 
made  at  this  time. 

15.  LOWELL 

a , Description  of  the  area 

(1)  The  city  of  Lowe i 1 is  located  in  the  northeast  portion  of 
Lowell  Township  in  eastern  Kent  County.  This  community  lies  about  17 
miles  east  of  Grand  Rapids,  the  largest  city  of  western  Michigan.  The 
19b0  population  of  Lowell  was  2545  persons,  a lb  percent  increase  in 
population  over  the  preceding  decade.  Lowell  is  located  on  the  right 
(north)  bank  of  the  Grand  River  at  the  confluence  with  the  Flat  River 
which  enters  from  the  north.  At  this  point,  the  Grand  River  drains  an 
area  of  3b40  square  miles  of  which  556  square  miles  are  drained  by  the 
Flat  River.  The  nearest  USGS  gaging  station  on  the  Flat  River  is  at 
Smyrna.  The  drainage  area  of  the  Flat  River  at  this  gage  is  528  square 
miles;  records  are  available  from  October  1950  to  date.  The  USGS  gaging 
station  nearest  to  Lowell  on  the  Grand  River  is  located  17  river  miles 
upstream.  The  drainage  area  at  this  gage  is  2840  square  miles;  continuous 
records  are  available  from  July  1951  to  date.  The  nearest  gaging  station 
on  the  Grand  River  downstream  from  Lowell  is  29  river  miles  away  at  Grand 
Rapids.  The  drainage  area  at  this  gage  is  4900  square  miles.  The  U.  S. 
Weather  Bureau  operates  and  maintains  a wire  weight  recording  gage  on 

the  Grand  River  at  Lowell.  This  gage  has  been  used  as  the  index  point 
for  the  damage  studies. 

(2)  The  Flat  River  bisects  the  community  of  Lowell  into  two 
nearly  equal  parts.  A dam  with  an  overflow  spillway  intercepts  the  Flat 
River  at  Main  Street  about  O.b  miles  upstream  from  the  mouth,  and  a 
wooden  trestle  carries  the  Chesapeake  and  Ohio  Railway  across  the  river 
0.1  mile  downstream  of  the  dam.  Lee  Creek,  a minor  tributary  to  the  west 
of  the  Flat  River,  flows  through  the  southwestern  portion  of  the  town  and 
empties  into  the  Grand  River  one  mile  downstream  from  the  mouth  of  the 
Flat  River.  Lowell  is  located  on  the  slope  of  a typical  glacial  moraine 
common  to  central  Michigan  and  the  Grand  River  basin.  Elevations  range 
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within  the  city  limits  from  720  ceer  T-as  the  northwestern  outskirts  to 
620  feet  along  the  banks  of  the  Grand  River.  Glacial  drift  covering 
bedrock  in  the  area  to  a depth  of  about  70  leet  at  the  river  to  220  feet 
at  the  higher  ground  surface  elevation  is  composed  of  a mixture  of  -lay, 
sand,  and  gravel.  The  underlying  bedrock  ir.  composed  of  tne  Saginuv 
sandstones  and  shales,  the  Bayport  limestones  and  sandstones,  and  shales 
oi  the  Michigan  formation,  all  of  the  carboniferous  age.  Soils  in  the 
area  consist  mainly  of  sandy  loams  with  patches  of  loams  and  clay  loans 
loca 1 ly . 


(3)  Average  stream  slopes  in  the  vicinity  range  from  two  cot 
per  mile  in  the  Grand  River  to  five  feet  per  mile  in  the  Flat  River.  down- 
stream from  Lowell  the  slope  of  the  Grand  stiver  decreases  as  it  app' caches 
Lake  Michigan. 

(4)  Five  bridges  cross  the  Grand  River  and  Flat  .liver  in  Lowell. 
The  Chesapeake  & Ohio  Railway  maintains  a steel  through  truss  bridge 

over  the  Grand  River  and  also  a timber  trestle  over  the  Flat  .liver.  A 
county  highway  bridge  and  a state  highway  bridge,  both  steel  through  trj  ; 
structures,  cross  the  Grand,  and  a three -se ction  concrete  slab  bridge 
carries  state  highway  M-21  over  the  Flat  River. 

(5)  Lowell  and  vicinity,  depending  on  agriculture  as  the  rinci- 
•pal  source  of  revenue,  has  experienced  a slov.'  rate  of  economic  grovth. 
Despite  this  fact,  the  city  has  increased  its  rate  of  population  growth 
over  that  of  nearby  small  towns.  Industrialization  has  not  been  signifi- 
cant in  Lowell,  as  most  of  the  labor  force  is  engaged  in  commerci.l  retail 
sales,  personal  services  and  farm  labor.  The  most  important  processing 
plant  is  a grain-mill  which  derives  its  power  from  hydro-energy  on  the 
Flat  River.  The  city  is  well  served  by  bus  and  railway  facilities.  State 
highways  M-21  and  M-91  carry  traffic  eastward  and  westward  across  the 
state,  and  southward  to  the  interstate  highway  system.  The  area  is  a.so 
served  by  the  main  line  of  the  Chesapeake  Ohio  Railway  connecting  Muske- 
gon and  Grand  Rapids  with  Detroit  and  points  south. 

b.  Flood  problems.  The  severest  flood  of  record  at  Lowell  occurred 
in  1904  when  floodwaters  were  reported  to  have  reached  an  elevation  a 
approximately  633.7  feet  above  mean  sea  level  datum.  The  discharge  .it 

this  stage  is  estimated  to  be  44,000  cfs . Damages  at  Lowell  for  a recurrenc 
this  flood  are  estimated  to  be  $478,000  (1960  price  level).  In  sucu  a 
flood,  243  residential  and  41  business  units  would  be  damaged. 

c.  Average  annual  damage  computations  . Various  newspaper  ar tic  res 
noted  the  flow  of  Flat  River  floodwaters  overland  across  Monroe  Street 
toward  the  Grand  River.  It  was  realized  that  complex  physical  and  coinci- 
dental frequency  relationships  exist  in  Lowell.  Before  a damage  frequency 
relationship  compatible  with  relationships  used  in  the  reminder  of  the 
Basin  can  be  developed  for  Lowell,  a method  to  deal  with  Lowell's  conin- 
cidental  flood  problem  must  be  developed.  The  method  adopted  followed  these 

te ps : The  observed  1948  flood  data  was  used  to  establish  the  character ist i 
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hydrograph  for  Che  Grand  fiver  and  Che  Flat  fiver.  cme-di  charge  inter- 
re lat  ionships  between  chose  two  rivers  can  be  i . te  from  this  data. 

A Lull  range  oL  flow  data  was  insured  by  dew  loping  mdrographs  lor  both 
rivers  for  flows  equivalent  to  floods  of  JO,  20,  10  and  5 year  frequency 
interval.  Next,  a family  oi  rating  curves  on  the  Flat  diver,  upstream 
o.  the  Kings  Mill  Dam,  were  developed  corresponding  to  various  stages  and 
disenarges  of  the  Grand  River.  Again  the  50,  20,  10,  and  5 year  flood 
irequency  disharges  were  used.  Using  the  above  relationships  it  is  possible 
to  take  a specific  frequency  flow  on  the  Grand  River,  and,  using  the 
hydr 'graph  relationship  to  the  Flat  River,  establish  the  flow  and  then 
the  stage  of  Flat  River.  i’hus  the  flooding  related  to  the  Grand  River  and 
its  flood  frequency  may  be  established  and  analyzed.  in  line  manner,  the 
flooding  related  to  the  Flat  River  and  its  flood  frequency  may  be  analyzed. 
Then,  by  checking  tne  effect  of  both  rivers,  the  damage  may  be  assigned 
to  the  appropriate  river,  or.  if  desired,  separated  for  independent  study. 
Damages  at  Lowell  were  computed  using  the  Grand  River  as  the  major  flood 
contributor.  Using  the  method  described  above,  the  following  relation- 
ships between  the  Grand  and  Flat  Rivers  were  obtained: 


Year  of 

Grand  River 

Grand  River 

Flat  River 

f iood 

F low  ( cf s ) 

Elev.  - USGS 

Elev.  - USGS 

19  04 

44,000 

6 33.7 

635  .8 

1948 

32,000 

630. b 

632.8 

19  50 

21,250 

b28 .0 

(.29  .8 

These  developed  stages  generally  agreed  with  photographs  taken  of  the 
flooding  at  Lowell.  Since  the  depth  of  overland  flow  was  not  known,  it 
was  decided  to  use  the  Flat  River  elevations  for  areas  north  of  Main  Street 
and  the  Grand  River  for  elevations  south  of  Main  Street.  The  extent  of 
inundation  of  the  1904  flood  at  Lowell  is  shown  on  Plate  H-ll.  Damages 
were  computed  for  the  1904,  1948,  and  1950  floods.  This  data  in  turn, 
was  used  to  develop  average  annual  damages  which  are  summarized  in  Table 
H-12.  Flood  stage,  discharge,  and  damage  relationships  are  shown  in 
Figure  H-5. 

d.  Solutions  considered.  Flood  control  reservoirs  were  considered 
as  a solution  to  Lowell's  flood  problem.  The  details  are  discussed  in  the 
Flood  Control  Reservoir  Studies  (Section  IV)  under  "Reservoirs  Downstream 
of  Lansing".  Consideration  was  also  given  to  channel  improvement  by 
straightenings,  widening  and  deepening.  The  extensive  nature  of  this  under- 
taking, the  cost  of  acquiring  land  for  cutoffs  and  rights-of-way  for 
c Lean-out  and  widening,  and  the  lack  of  sufficient  fall  of  the  land 
surface  downstream  from  Lowell  toward  the  mouth  of  the  Grand  River  indicate 
an  unfavorable  balance  of  benefits  to  costs.  Consideration  was  finally 
given  to  a strictly  localized  tlood  prevention  measure,  that  of  protection 
by  a ievee  system  augmented  by  a pumping  station  to  discharge  interior 
drainage  accumulating  on  the  landward  side  of  the  ievee.  This  plan  seemed 
to  have  the  best  chance  of  showing  a favorable  benefit-cost  ratio. 
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lAbLE  r.  2 


FLOOD  DAMAGE  SUMMARY  - LOU’ ELL,  MICHIGAN 


RIVER:  Grand 

RIVER  MILE:  70.0 

INDEX  POINT:  USWB  Gage 

(On  M-91  Highway  Bridge  1/4  mile  d/s  from  Flat  River  confluence) 


19  04 
F 1 ood 

1948 
F lood 

1 > 50 
F looc 

1 . 

Flood  Stage  ( ilSGS  elev.) 
Grand  River 
Fiat  River 

633.7 
.j  35 .8 

6 30.6 
u32.S 

>2b  .0 
2y  .8 

2. 

Exceedence  freq.  (percent) 

2.3 

7 .5 

23. 

3. 

Discharge  (cfs  - Grand) 

44,000 

32,000 

21,250 

4. 

Computed  Residential  Damages 

a.  Units 

243 

186 

.05 

b.  Damages 

$383,03 o 

$112,935 

$48 , 586 

5. 

Computed  Business  Damages 

a.  Units 

41 

18 

10 

b . Damages 

$ 84,100 

$ 22,220 

$ 8,700 

c . 

Miscellaneous  Damages 

Roads 

$ 11,000 

$ 6 ,000 

<r> 

O 

O 

o 

7. 

Totals 

a.  Units 

284 

204 

115 

b.  Damages 

$478,136 

$141,155 

$58 , 2Sb 

8. 

Average  annual  damages 
(February  I960  price  level) 

$54,200 
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c.  Economic  analysis.  A detailed  analysis  was  r..adc:  the  flood 

Jama;  , costs  of  construction,  and  benefits  to  be  derived  from  a plan  ol 
m movement  Plate  11-12  illustrates  the  proposed  plan  ol  protection. 

a.  The  design  considerations  are  summarized  below: 


1 »c  1* 

Protection  designed  for  100  year  occurrence 

USGS  USGS 

Grand  Grand 

Design  ireq.  elev.  elev. 

( 7o)  flood  des  i;;n 

s with  three-foot  freeboard 

USGS  l SGS 

F la  t i la  t 

lev  . e lev' , 

. ood  design 

5-  , 0 

00 

1 

036  .8’ 

639  .8' 

37  . - ' 640. 

C ' 

Design  Computations 

Levee  No.  i 

(west) 

Levee  No . 2 (east) 

Av  . 

ground  (Grand) 

629’ 

+ 

625' 

+ 

Ave  . 

Ground  (Flat) 

- 

637' 

+ 

Ave  . 

Height  (Grand) 

11' 

+ 

15' 

+ 

Ave  . 

Height  (Flat) 

- 

3' 

+ 

Total  levee  length 

7,700' 

6,800’ 

Quantity  (cu.  yds.) 

117,400 

145,000 

Floodwall  #1  (west) 

Floodwall  #2  (east) 

Ave  . 

Stream  Bt.  (Grand) 

617' 

+ 

615' 

+ 

Ave  « 

Stream  Bt . ( 1 lat) 

622' 

+ 

621' 

+ 

Ave  • 

ht.  (Grand) 

24' 

4- 

Csl 

+ 

Ave  • 

bt.  (Flat) 

19' 

+ 

20' 

-f 

lotal  floodwall  length 

1,700' 

3,500' 

The  average  annual 

res 

idual  damages 

remaining 

after  construction  of 

the 

proposed  project  would 

be  $5,500  resulting  in 

ave  ra ge  a nnua 1 

be ne  fit 

; r $4  .700. 
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jt  ction  is  estimated  an>. 


b.  Cost  for  the  proposed  plan  <: 
summarized  as  follows: 

( L)  Son-federal  cost 


2 5 7. 


1 torn 

Contract 

Contingencies 

LoD 

SUA 

Tuta  is 

Lands 

$ 10,000 

$ 2,500 

$ 1,300 

$ t , 000 

$ 14  ,,00 

ui Id ings 

b 0,000 

20,000 

25,000 

9,100 

134 , 100 

S ub  to  ta  1 s 

§ 90,000 

$ 22,500 

:,2u  ,300 

$10,100 

$148,500 

(2) 

Federal  cost 

Levees  & 

Floodwai Is 

$1  ,614,000 

$403,000 

$202,000 

$144,200 

$2,363,200 

Pump  S ta . 

1 ,496 , 000 

374,000 

187,000 

133,705 

2,  160,  00 

C losures 

55 . 000 

14,000 

6 ,9  00 

4 ,9  00 

80.800 

Subtota Is 

$3,165,000 

$791,000 

$412,900 

$2c2 ,805 

$4  ,fc  34  7 00 

Total 

$3,255,000 

$813,500 

$437,200 

$292,905 

$4,  ,'83,600 

(3)  Annual  Cost  Summary 


Based  on  100  years 


Non-Federa i 

$148,900  x .0516  = 

$ 7,700 

Federa 1 

$4 , 783  ,o00  x .0516  ; 

246 ,800 

$254,500 

0811  57. 

8,100 

Tota  l 

$262 ,u00 

E/C  ilatio 

48,700  = 0.185 

262,600 


The  levee  and  floodwall  system  was  determined  to  be  economically  non-! eas i.  re  , 
the  benefit-cost  ratio  being  .185  to  one. 
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. . Suimui'  oi  rnvcs  t i.cation  . Thu  communit . .>■.  L >we  l 1 experiences 
i loods  as  often  as  once  in  three  years.  Most  damage  is  conirne.,  to  base  - 
mint  in  thosi  dwelling-  bordering  the  iiood  plain  oi  the  Grand  River. 

Chi  exceptional  floods  oi  1*104 , I‘t48,  and  1150,  when  losses  reached  totals 
r i $-•  7S,13b,  $141,135,  and  $58 ,28f  respectively,  occur  with,  frequencies 
ranging  from  once  every  44  rears  to  once  every  four  years  respectively, 
ienci  . the  benefit,  to  ..<•  derived  in  the  Lowell  area  L conventional  means 
. iooc  protection  are  high:  the  average  annual  benefit  for  protection 

•i  . • • r 00-year  floods  is  $4d , 00.  However,  the  co-.t  amounts  to 

-i  on  an  average  annual  basis.  The  resulting  benefit-cost  ratio 
.155  indicates  that  th:  is  not  an  economical  solution. 

3 .VtA.IAC . A-.alv  is  i i all  available  data  on  the  flood  problem  at 
S:,  rana.  indicat  ■ that  ft  vv  .1  . taf  - a flood  of  the  150a  magnitude  to 
^ u v.  : i any  damag.  it  Saranac.  .’images  caused  by  even  a flood  of  this 
- a , nitride  v ; Id  be  minimal.  _ unsequently,  no  flood  protection  schemes 
were  considered  for  the  village  of  Saranac.  The  majority  of  the  residences 
anr.  commercial  establishments  a e located  or.  high  ground  and  field  recon- 
nai  ranee  reveals  that  new  hones  in  Saranac  are  also  being  constructed 
on  high  ground. 

1' . IONIA 

a . besiription  of  the  area 


l)  The  Grand  River  flows  past  the  community  of  Ionia  in  a 
southwesterly  direction.  The  Grand  River  at  Ionia  has  a drainage  area 
o:  25uO  square  miles,  51  percent  of  the  basin.  The  stream  at  thi^  point 
ranges  from  100  feet  to  300  feet  in  width  between  primary  banks,  which 
ris.  to  lb  feet  above  the  Led  of  the  river.  The  flood  plain  at  Ionia, 
th cough  which  the  river  flows  in  a series  of  smooth  wine  bends,  is  from 
2100  feet  to  4200  feet  broad.  Stream-bank  elevations  rise  from  a mini- 
mum of  625  feet.  Flood  height  of  the  1904  flood  reached  an  elevation 
o:  43.5  feet.  The  terrain  immediately  beyond  the  flood  plain  limit 

rises  abruptly  to  760  feet  within  the  city  limits  of  Ionia,  less  than  3000 
feet  from  the  thread  of  the  river.  The  countryside  along  the  Grand  River- 
near  Ionia  is  representative  of  the  morainal  land  surface  formed  by  the 
advance  and  retreat  of  the  Saginaw  ice  lobe  during  the  Pleistocene  glacial 
epoch.  The  course  of  the  Grand  River  at  Ionia  follows  the  border  of  the 
glacial  Lake  formed  by  melting  ice  of  the  Saginaw  lobe.  Exposures  of 
bedrock  of  Pennsylvanian  age  appear  near  the  city  of  Ionia.  Soils  of 
the  upland  moraines  consist  primarily  of  sands,  gravels,  clays,  and  silts 
deposited  by  glacial  action.  The  surface  of  the  flood  plain  is  covered 
by  glacial  lakebed  sands,  silts  and  clays,  whereas  the  streambed  material 
is  recent  alluvium.  The  stream  slope  in  the  vicinity  of  Ionia  is  1.2  feet 
pci  mile  in  the  18-mile  stretch  between  Lyons  at  river  mile  96  and  Saranac 
at  river  mile  78.  Downstream  from  Ionia,  the  river  averages  a drop  of  only 
one-half  foot  per  mile  in  completing  its  run  to  Lake  Michigan. 
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(.2)  The  population  of  the  city  of  Ionia  has  increased  a 
nominal  5.3  percent  in  the  1950-1960  decade.  The  I960  population  v r.  ■,  / ,1 
persons.  The  6'SGS  gating  station  at  Ionia  is  in  NW See.  30,  T 71. , W 
on  the  left  bank  of  the  river  15  feet  downstream  from  the  hi idgi  on  St.te 
Highway  M-oi> . This  puts  it  at  river  mile  S/.5  and  about  2.7  miles  d .ei- 
stream  from  the  Prairie  Creek  confluence  at  the  eastern  edge  of  the  city. 

The  drainage  area  of  Prairie  Creek  at  its  mouth  is  103  square  miles  inc 
drains  the  lands  immediately  north  of  Ionia.  At  this  JSCS  gage,  tha  c.ain- 
age  area  upstream  is  2840  square  miles.  Complete  records  of  stieur. 
discharges  are  available  for  the  period  July  1951  to  September  1 yeA  , 

(3)  Two  highway  bridges  cross  the  Grand  diver  at  Ionia.  la 
addition,  a highway  bridge  and  railroad  bridge  pass  over  Prairie  Or  .-er. 
at  the  eastern  city  limits  of  Ionia.  Two  railroad  bridges  cross  the 
Grand  diver  on  either  side  of  the  town  beyond  the  city  limits, 

(4)  Ionia,  the  seat  of  Ionia  County,  contained  16  percent 

the  county  population  in  i960.  A few  small  industries  are  rocatee  an  the 
city.  A large  source  of  revenue  in  the  form  of  wages  and  sale  of  sj:, plies 
is  derived  from  two  state  in:. t itut ions  : the  Michigan  Reformatory  anu 

the  Lonia  State  Hospital.  Farming  provide.;  the  greatest  source  e.  live- 
lihood to  the  area.  Small  grains,  wheat,  oats,  and  field  corn  leae  in 
crop  production;  the  county  ranks  fifth  in  State  production  of  cattle  and 
sheep.  Ionia  County  has  limited  mineral  resources--sand  and  gravel  for 
road  construction  and  concrete  aggregate.  There  are  two  major  raii.oati 
connections;  the  Chesapeake  and  Ohio  Railway  and  the  Grand  Trunk  Western 
Railroad.  Two  state  highways,  M-21  running  east-v/est  and  M-66  running 
north-south,  pass  through  the  city.  The  latter  highway  connects  lonia 
with  Interstate  Highway  I-9o,  seven  miles  to  the  south.  Commercial  navi- 
gation plays  no  part  in  the  economy  of  Ionia.  The  nearest  hydroelectric 
power  dams,  all  on  the  Grand  River,  are  the  Webber  dam  upstream  from 
lonia  at  river  mile  102.2,  the  Portland  dam  at  river  mile  109.3,  and  two 
dams  in  Lansing  at  river  miles  152.9  and  155.5.  The  first  Is  privately 
owned;  the  latter  three  are  municipally  owned  and  operated. 

b.  Flood  problems . The  maximum  flood  of  record  at  Ionia,  the 
flood  of  1904,  is  computed  to  have  an  exceedence  frequency  of  one  percent. 

That  is,  there  is  a one  percent  chance  of  such  a flood  being  eaualled 

or  exceeded  in  any  given  year.  When  the  waters  of  the  Grand  River  reach 

the  elevation  630  feet,  they  begin  to  overflow  into  the  broad  flood 

plain  at  Ionia.  Damages  are  widespread,  but  minor  in  nature,  being 

confined  to  agricultural  losses  on  surrounding  small  farms  and  at  the 

County  Fair  Grounds  for  the  first  one  to  two  feet  of  inundation.  However, 

urban  damages  are  experienced  as  the  waters  rise  above  elevation  635 

feet.  Damages  from  a recurrence  of  the  1904  flood  would  occur  to  350 

residential  and  business  units  within  Ionia  (See  Plate  H-13).  S tage -d is  charge  , 

discharge  frequency,  s tage -damage , and  damage - f requcncy  curves  are  shown 

in  F Igure  H-6  . 
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Average  annual  damage  commutations.  Damage  , u invites  were  trade 
i'o.  flood  stages  recorded  Cor  the  id  04 , 1948,  and  Ido  floods,  frequencies 
oi  those  floods  were  determined  from  the  i9o2  Grand  Kivcr  Regional  Flood 
Frequency  Study.  A summary  of  damages  associated  with  these  floods  are 
presented  in  Table  .1-13. 

i . Solutions  .on  lUered 

(i)  Reservoir  channel  improvement  and  levee  consti  iction  were 
ons ice r. J as  possible  measures  of  flood  control. 

(.2)  Reservoir  sites  were  pioposed  upstream  of  Ionia,  but  it 
was  apparent  that  the  s ing 1c -pur pose  reservoir  construction  costs  could 
not  be  justified  when  compared  to  the  benefits  found  in  Ionia. 

f3)  Straightening  the  meanders  of  the  liver  at  Ionia  also  was 
unfeasible  for  both  physical  and  economic  reasons.  Deepening  to  improve 
the  gradient  as  a means  of  increasing  stream  flow  capacity  is  limited  by 
the  flat  slope  of  the  stream  bed.  Any  modification  of  the  stream  profile 
beiow  Ionia  would  require  an  extensive  change  in  the  existing  regimen  of 
the  stream  to  the  possible  detriment  of  downstream  areas.  The  channel 
improvement  considered  for  the  plan  of  protection  begins  at  the  Cleveland 
Street  bridge  and  proceeds  in  a straight  line  in  a direction  slightly  to 
the  south  of  west  and  ties  back  into  the  existing  Grand  River  channel 
approximately  one -ha  1 f mile  downstream  of  the  Fairgrounds.  Levees  were 
in^.uJed  on  both  sides  of  the  river  to  contain  the  profile  for  the  1904 
design  flood.  The  length  of  the  diversion  channel  is  950C  feet  and  the 
direction  chosen  from  the  Cleveland  Street  bridge  would  > end  it  through 
the  M-o6  bridge  opening.  Construction  of  a levee  system  would  be  an  effec- 
tive means  of  reducing  flood  hazards  and  flood  losses  at  Ionia.  A relative- 
ly small  acreage  of  the  least  valuable  land  along  the  river bank  would  be 
removed  from  higher  use,  and  the  comparative  costs  of  construction  are 
.ess  than  those  fo  competing  methods  of  protection.  Moreover,  containment 
of  i uodwaters  within  the  stream  channel  will  not  disrupt  the  present  down- 
stream regimen,  if  at  all,  to  the  degree  to  be  expected  by  channel  recti- 
f i ca  tion  . 

c . Economic  analysis 

(1)  The  average  annual  cost  of  channel  improvements,  including 
excavation,  lands,  interior  drainage  facilities,  and  raising  of  both 
Cleveland  Street  and  M-66  bridges,  amortized  over  50  years  at  4-5/8  percent 
interest,  is  estimated  to  be  $384,300.  Comparing  this  cost  to  the  average 
annual  damages  gives  a benefit-cost  ratio  equal  to  $ 50,000  or  0.13. 

$384,300 

(2)  The  levee  alignment  is  shown  on  Plate  11-14,  Plan  of  Protec- 
tion. The  design  flood  used  for  this  levee  design  was  the  1904  flood. 

From  the  USGS  data  sheets  it  was  noted  that  the  stage  of  this  flood  at  the 
. age  was  27.60  feet.  Adding  this  to  the  datum  of  the  gage,  615.38,  gave 
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TABLE  H-  13 


FLOOD  DAMAGE  SUMMARY  - IONIA,  MICHIGAN 


RIVER:  Grand 

RIVER  MILE:  87.5 

INDEX  POINT:  USGS  Gage  (D/S  from  State  Highway  M-66) 


1904 

1948 

19  50 

F lood 

Flood 

F lood 

1.  Flood  Stage  (USGS  elev.) 

643.5 

639  .7 

637  .2 

2.  Exceedence  f req  . (percent) 

0.9 

5.0 

16.0 

3.  Discharge  (cfs) 

45,000 

30,000 

20,800 

4.  Computed  residential  damages 

a.  Units 

291 

135 

B2 

b.  Damages 

(.268,200 

$ 45,790 

$22,630 

5.  Computed  business  damages 

a . Units 

59 

36 

2u 

b.  Damages 

$206 ,300 

$ 58,100 

$39  ,900 

6.  Miscellaneous  damages 

Roads 

9 , 000 

2,000 

0 

7.  Totals 

a.  Units 

350 

171 

108 

o.  Damages 

$483,500 

$105,890 

$62,330 

8.  Average  annual  damages 

(February  i960  price  level) 

$50,000 

■i  design  flood  elevation  of  642.98  which  was  assumed  to  be  6'*3.0  feet. 
Adding  a 3.0-foot  freeboard  to  this  gave  a top  of  levee  elevation  of 

b 4 u .0  fee  t . 


Design  flood  Design  frequency  Peak  elev.  of  Design  levee  top 

v c t s ) ( percent)  design  flood  (feet)  e leva  t ion  ( fee  t ) 

45,000  0.9  643.0  646.0 

The  tota  length  of  protection  required  on  the  right  bank  is  estimated 
to  be  13,600  linear  feet,  and  the  amount  of  levee  fill  material  along  this 
length  to  the  required  elevation  of  646  feet  is  estimated  to  be  212,124 
cubic  yards.  The  pumping  station  to  handle  the  interior  drainage  problems 
is  estimated  to  require  a 745  cfs  capacity  unit.  Five  closure  structures 
are  required:  two  on  the  Grand  trunk  railroad  bridge,  one  on  the  M-66 

highway  bridge,  one  on  the  Cleveland  Street  bridge,  and  one  on  the  Chesa- 
peake and  Ohio  railroad  bridge.  The  total  length  of  protection  on  the  left 
bank  is  estimated  to  be  5000  linear  feet  and  the  amount  of  levee  fill 
material  is  estimated  to  be  54,648  cubic  yards.  The  pumping  station  on 
this  bank  to  handle  interior  drainage  would  require  a 168  cfs  unit.  No 
closure  structures  are  required. 


SUMMARY, 

ESTIMATE  OF  COST 

( 1904  Design  Flood) 

A.  Non-Federai  Cost 

I tern 

Contract 

Contingencies 

E6cD 

S&lA 

Tota  Is 

Lands  (ROW) 

$ 5,300 

$ 1,300 

$ 500 

$ 7,100 

Subtota is 
Non-Federa 1 

$ 5,300 

$ 1,300 

$ 500 

$ 7,100 

B.  Federal 

Cos  t 

Levees 
Pump  S ta . 
C losures 

$ 692,400 

1,095,000 
29 ,400 

$173,100 

274,000 

7,350 

$ 86,500 
137,000 
3,700 

$61,900 
97  ,900 
2,600 

$1,013,900 
1 .603,900 
43,100 

Subtota Is 
Fede  ra 1 

$1 ,816 ,800 

$454,450 

$227  ,200 

$lo2 ,400 

$2  ,660,900 

Total  First 
Cost 

$1  ,822,100 

$455,800 

$227,200 

$lo3 ,000 

$2  ,bo8 , 000 
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Non-Federa 1 

$ 7 , 100  x 

• Ll  r $ 

370 

Fede  ra  1 

2,668,000  x 

.0516  r 137 

JWL 

$138 

,000 

Operation  and 

ma  intenance 

s>  4 

, 500 

Total  average 

annual  cost 

13b 

,000 

project  w..  amortized  over  a 50  yeai  eriod  at  4-5/8  percent  interest. 
The  average  annual  damage  lemaining  a*  ter  construction  of  the  prt>j<.  .t 
would  be  $50  . Subtracting  the  t us idua  l damages  from  the  total  average 

annual  damages  of  $50,000  gives  the  avera0e  annual  benefits  of  $45,000. 

A comparison  of  the  average  annual  costs,  and  benefits  gives  a benefit-cost 
ratio  of  . 32u  . 


f.  S umna  r y o f in  vu  s ti:.;atioii . flood  prevention  measures  at  Ionia  are 
highly  desirable,  but  economic  justification  of  a project  is  not  feasible. 
The  flood  problem  has  resulted  primarily  from  encroachment  upon  tne  natural 
flood  plain.  A levee  system  designed  to  protect  residential  and  business 
blocks  would  be  the  most  effective  and  Least  costly  method  of  protection. 
However,  since  the  cost  of  construction  for  such  a system  would  exceed 
the  benefits  to  be  derived,  it  was  concluded  that  no  further  study  ot  a 
flood  control  project  it  Ionia  is  justified  at  this  time. 

18 . LYONS 


a . Description  .)■’  the  area 

(1)  The  village  of  Lyons  is  located  in  the  east-central  portion 
of  Ionia  County  in  Lyons  Township.  The  community  of  Lyons  lies  on  both 
banks  of  the  Grand  diver  at  river  mile  5 0,  immediately  south  of  the  con- 
fluence of  the  Grand  and  Maple  .livers.  Muii  , a small  community  adjoining 
Lyons  to  the  north,  lies  mainly  on  the  right  bank  of  the  Maple  River  at 
this  confluence;  however,  since  flood  damages  here  are  negligible,  no 
estimate  has  been  made  of  average  annual  damages  or  project  costs.  The 
Grand  and  Maple  rivers  at  their  confluence  drain  areas  of  177  7 and  ,‘5o 
square  miles  respectively.  Elevations  in  this  vicinity  range  from  o40 
feet,  mean  sea  level,  datum,  at  the  river  to  7b0  feet  on  some  of  the  hills 
of  the  surrounding  countryside.  The  Grand  River  falls  approximately  12 
feet  between  river  miles  'J8  and  M3,  with  a slope  at  Lyons  of  about  2 .a 
feet  per  mile.  The  population  growth  rate  of  these  two  small  neighboring 
communities  is  shown  in  the  following  tabic: 


il-51 


TOWN 


1)40 


14  JJ 


1 ■ 6 0 


Muir 

44  7 

466 

61U 

Lyons 

596 

683 

08/ 

(.2)  The  nearest  USGS  stream  gaging  stations  on  the  Grand  River 
are  located  downstream  at  Ionia  (2840  square  miles  of  drainage  area)  and 
up  Cream  at  Portland  (1385  square  miles  of  drainage  area).  The  nearest 
gage  or  the  Maple  River  is  located  at  the  community  of  Maple  Rapids  where 
the  drainage  area  is  434  square  miles  as  compared  to  the  956  square  miles 
of  drainage  area  at  its  mouth.  The  primary  transportation  routes  in  and 
out  of  the  Lyons-Muir  area  are  state  highway  M-21  and  the  Grand  Trunk 
Rail  oa  . The  onl>  bridge  crossing  the  Grand  River  at  Lyons  is  located 
at  3ridge  Street. 

b . Flood  problems.  Flood  damages  are  experienced  periodically  at 
Lyons.  The  greatest  flood  of  record  was  caused  by  ice  jams  during  the 
163’  flood.  The  Lyons  he ra 1 o Flood  Edition,  dated  18  February  1887,  listed 
approximately  70  places  that  received  some  flood  damage.  No  estimate  of 

a total  dollar  damage  was  indicated  in  the  article.  The  second  highest 
flood  of  record  occurred  in  1904  and,  according  to  notes  on  hand,  it  was 
a pproxima te ly  five  feet  lower  than  the  1887  flood.  Flood  waters  for  the 
1904  flood  generally  covered  the  business  area  of  Lyons  to  a depth  of  one 
foot  and  several  houses  in  the  south  part  of  the  village  to  a depth  of 
two  feet  over  the  first  floors.  The  19 4 7 fLood  washed  out  the  dam  at  Lyons. 
As  a result,  no  damage  was  reported  at  Lyons  for  the  greater  1948  flood, 
which  inundated  many  other  main-stem  communities  in  the  Basin.  (See 
Plate  H-15) 

c.  Average  annual  damage  computations.  Damage  estimates  were  made 
from  1904  and  1947  flood  stages  at  Lyons.  The  1962  Grand  River  Regional 
Flood  Frequency  Study  was  used  to  determine  the  frequencies  of  these  floods. 
Damages  incurred  for  these  flood  stages  are  summarized  in  Table  H-14, 

Figure  H-7  shows  relationships  among  flood  stage,  discharge,  and  damage. 

d.  Solutions  considered.  A levee  system  was  the  only  type  of  protec- 
tion which  seemed  to  provide  a reasonable  degree  of  feasibility  at  Lyons. 

The  flood  control  plan  includes  an  earth-fill  levee,  a closure  structure 

at  Bridge  Street,  a pumping  station,  clearing  of  buildings  and  land,  and 
acquisition  of  right-of-way  (see  Plate  H-16).  Other  methods  of  flood 
control  would  be  too  costly  for  the  amount  of  benefits  to  be  derived.  No 
solutions  were  considered  for  Muir  since  the  flooding  problems  appear  to 
be  minor. 
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TABU'  H I 


FLOOD  DAMAGE  SUMMARY  • LYONS,  MICHIGAN 


RIVER:  Grand 

RIVER  MILE:  9b. 0 

INDEX  POINT:  Lyons  Dam 

19  04 
F iood 

1 . 

Flood  Stage  ( LiSGS  eiev.) 

b 53  .8 

2. 

Exceedence  freq.  (percent) 

0.95 

3 . 

Discharge  (cfs) 

32,600 

4. 

Computed  residential  damages 

a.  Units 

13 

b.  Damages 

$26 ,000 

5. 

Computed  business  damages 

a.  Units 

12 

b.  Damages 

$33,030 

b . 

Total  damages 

a.  Units 

25 

b.  Damages 

$59,030 

*7 

Average  annual  damages  - $2,730 
(February  19b0  price  level) 

1947 

Flood 

o50 .0 

12.5 

ib ,000 

3 

$3,100 

5 

$1,450 

8 

$4,550 
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Economic  analysis 


(1)  Only  one  levee  line  was  considered  tor  rrotection  it  Lyons, 
with  a break  near  the  middle  at  the  Bridge  Street  closure  structure. 

This  compacted  earth-fill  levee  would  be  3080  feet  long  and  would  require 
19,650  cubic  yards  of  fill  material.  The  alignment  of  this  levee  is  shown 
on  Plate  H-16,  Plan  of  Protection.  Most  of  this  levee  would  require  a 
nine-foot  height.  Costs  foe  the  one  closure  structure  are  assumed  on  a 
lump  sum  basis.  The  pump  station  is  designed  to  drain  32.9  acres  and  17 
cfs  of  interior  drainage.  Clearing  and  grubbing  cost  includes  removal  not 
only  of  the  usual  trees  and  brush  but  also  of  houses  and  one  warehouse. 
Three  acres  of  right-of-way  are  also  required. 


SUMMARY  ESTIMATE  OF  COST 
A.  Non-Federal  Cost 


Item 


Contract  Contingencies  E&U 

(25  percent) 


SaA  T ota  Is 


Lands  (ROW)  $ 29,000 


Subtotals 

Non-Federal  $ 29,000 


$ 7,300 


$ 7,300 


5 36,300 
$ 36,300 


B.  Federal  Cost 


Fill  material  $ 
Pump  station 
Closure  street 
Clearing 

49,125 

25,500 

1,000 

1,500 

$12,260 

6,380 

250 

375 

$6,100 

3,190 

130 

190 

$4,400 

2,300 

100 

140 

$ 71,900 
37,400 
1,500 
2,300 

Subtota  Is 
Federal  $ 

77,125 

$19 ,265 

$9  ,600 

$6,900 

$113,100 

Total 

First  Cost  $ 

106 , 125 

$26 ,600 

$9  ,6  00 

$o  ,900 

$149,400 

Annual  Cost  Summary 


Non-Federa 1 

$ 3o, 300  x 

.0516  ; 

$ 1,9  00 

Federa  1 

149 ,400  x 

.0516  : 

7 , 700 

$ 9 ,u00 

Operation  and 

maintenance 

r 

577 

Total  average 

annual  cost 

$10,177 

SAY 
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$10,200 


1 


(2)  The  economic  study  and  protection  plan  were  based  on 

1931  survey  data,  1951  aerial  pb  . gLaphs , and  a visit  to  the  area.  The 
total  first  cost  of  the  flood  protection  scheme  was  estimated  to  be 
$149,400.  This  sum,  amortized  over  a 50  year  period  at  4-5/8  percent 
interest,  gave  an  average  annual  cost  of  $9  , \>Q0,  Total  annual  cost  of 
$10,200  includes  $577  annual  costs  for  operation  and  maintenance.  The 
average  annual  flood  damage  for  Lyons  was  estimated  to  be  $2729.  The 
annual  residual  damages  would  be  $815.  By  subtracting  the  residual  dam- 
ages from  the  average  annual  damages,  the  average  annual  benefits  are 
computed  to  be  $1914.  A comparison  of  the  average  annual  benefits  and 
costs  gives  a resulting  benefit-cost  ratio  of  $ 1 ,9 14  ; 0.18b. 

$10,200 

f.  Summary  of  investigation.  The  results  of  the  preliminary  flood 
control  studies  at  Lyons  indicate  that  levees  are  the  most  physically 
acceptable  solution  to  the  flood  problem.  However,  the  relatively  'mall 
amount  of  benefits  to  be  derived,  when  compared  to  the  cost,  indicates 
a non-feasible  project.  Consequently,  no  further  study  of  a flood  control 
project  at  Lyons  is  justified  at  this  time.  Also,  it  was  found  that  the 
small  nearby  community  of  Muir  has  negligible  flood  damages;  therefore, 
it  was  not  considered  for  a protection  scheme. 

19.  PORTLAND . From  previous  reports  it  appears  that  flood  damage  at 
Portland  is  not  caused  principally  by  excessive  discharges  of  the  Giand 
or  Lookingglass  Rivers,  but  rather  by  ice  jams.  Immediately  downstream 
of  the  village , the  Grand  River  makes  a horseshoe  bend  and  ice  jams  are 
formed  here  and  at  the  various  bridges  in  the  village.  In  the  1904  flood, 
basements  were  flooded  on  the  west  side  of  Kent  Street,  while  along  River 
Street  first  floor  flooding  was  experienced.  At  the  Portland  dam,  the 
north  abutment  and  about  20  feet  of  the  dam  were  washed  away,  the  power- 
house was  shut  down  and  the  Chesapeake  and  Ohio  Railroad  tracks  also 
received  some  damage.  In  1920,  this  community  reported  flood  damages 
estimated  at  $40,000,  but  it  appears  that  most  of  the  damage  would  not 
have  occurred  if  an  ice  jam  had  not  formed  at  the  railroad  bridge.  The 
1947  flood,  which  inundated  many  urban  areas  in  the  Grand  River  basin 
caused  very  little  damage  in  the  village  of  Portland.  Portland's  Village 
President  at  that  time  reported  $2,000  total  damages  and  indicated  that 
the  damage  was  low  because  no  ice  jam  occurred.  In  1951,  ice  jam  condi- 
tions occurred  on  the  Grand  River  at  Portland  and  damage  was  estimated  at 
$50,000.  At  this  time,  the  ice  blocked  all  the  river  channel  except  a 
small  portion  flowing  along  the  right  bank.  This  localized  flow  undermined 
the  foundations  of  two  buildings  adjacent  to  the  bank  and  caused  the  rear 
portions  of  the  buildings  to  collapse.  Further  study  of  a flood  control 
project  at  Portland  is  not  considered  warranted  since  the  problem  is  one 
of  ice  formations  rather  than  excessive  river  discharges.  The  community 
is  located  on  relatively  high  ground  and  without  the  ice  jams,  the  natural 
and  high  flows  of  the  Grand  and  the  Lookingglass  Rivers  do  not  produce 
f lood ing  . 


It- 55 


20.  GRAND  LEDGE.  Due  Co  the  steepness  and  height  of  the  r • vt r banks  at 
Grand  Ledge  the  community  seldom  suffers  .food  damages.  The  only  building 
vulnerable  to  flooding  was  a large  dance  hall  on  a resort  island  near  the 
center  of  the  village.  This  hall  was  an  old  structure,  in  poor  condition, 
which  has  recently  been  razed.  During  the  1948  flood,  some  sandbagging 
was  necessary  around  the  dam  located  downstream  from  the  village  opposite 
Fitzgerald  Park,  another  recreation  area.  It  is  reported  that  this  dam 
was  built  by  a resort  operator  to  enable  him  to  run  a steamboat  from  Grand 
Ledge  Island  to  the  downstream  park.  After  the  1947  flood  the  Mayor  of 
Grand  Led0e  indicated  that  there  was  no  damage  to  any  property  in  the 
village  due  to  the  flood.  Water  did  find  its  way  into  a few  basements; 
however,  it  was  indicated  this  was  a storm  sewer  system  problem.  The  Mayor 
estimates  this  damage  at  $250  and  stated  tlaat  a proper  sewer  system  design 
would  eliminate  this  basement  flooding  problem.  Upstream  of  Grand  Ledge, 
the  flat  river  valley,  used  mainly  for  farming,  was  inundated  but  not 
seriously  damaged  in  1947.  The  Grand  Ledge  newspaper  of  April  10,  1947, 
stated  that  normally  the  water  level  reads  at  the  four-foot  mark  on  the 
Weather  Bureau  staff  gage,  but  the  high  waters  caused  it  to  read  near 
the  12-foot  mark.  Due  to  the  steep,  high  banks  in  this  community,  flooding 
damages  are  minor,  being  Limited  to  basement  flooding  which  the  local 
people  feel  Is  a sewer  problem.  Therefore,  no  preliminary  investigation 
of  a protection  scheme  was  made. 

21  . LANSING  AND  VICINITY 

a . Description  of  the  area 

(1)  Based  on  the  "Flood  Control  Review  Report  (of  Survey  Scope), 
Grand  River,  Michigan  (with  particular  reference  to  Lansing,  Michigan  and 
vicinity),"  dated  February  1S55,  a proposed  flood  control  project  (Senate 
Document  No.  132,  84th  Congress,  2nd  Session,  dated  27  June  1956)  at 
Lansing  and  vicinity  was  authorized  by  Congress,  (Flood  Control  Act 
approved  3 July  1958),  but  construction  funds  have  yet  to  be  appropriated. 
This  report  summarizes  the  flood  problems,  recommends  a solution,  and 
economic  analysis  of  the  project  as  contained  in  the  Survey  Report  and 

as  updated  based  on  later  data  and  conditions. 

(2)  The  damage  area  inundated  by  the  April  1947  flood  includes 
considerable  residential,  commercial,  Industrial,  and  public  property, 
limited  farm  areas,  and  appreciable  low  vacant  land  immediately  adjacent 
to  the  rivers.  Normally  the  peak  discharge  on  the  Red  Cedar  River  reaches 
the  junction  with  the  Grand  River  a few  hours  before  the  peak  discharge 

of  the  Grand  River  arrives.  However,  because  of  the  relatively  broad 
crest  of  the  flood  hydrographs  this  timing  has  little  effect  on  the  combined 
peak  discharge  in  the  area.  The  maximum  flood  of  record  at  Lansing  was 
in  March  1904,  with  floods  of  lesser  intensity  occurring  in  March  1918, 
March  1908,  April  1947,  and  March  1916.  The  1904  flood  outline  is  shown 
on  Plates  H-17  and  11-18.  Smaller  floods  have  occurred  at  more  frequent 
intervals  with  minor  flooding  at  lower  profiles  occurring  almost  annually. 
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(3)  Metropolitan  Lansing,  a city  complex  of  170,000  people  in 
I960,  is  centered  at  the  confluence  > L the  Grand  River  and  its  tributary 
the  Red  Cedar  River.  There  art  7.3  miles  of  highly  developed  flood  plain 
within  the  city  along  the  Grand  River  and  6.5  miles  of  developed  flood 
plain  along  the  Red  Cedar  River.  These  flood  plains,  as  all  others,  have 
a history  of  flooding  to  varying  degrees. 

(4)  No  significant  flood  protection  works  have  been  constructed 
within  the  area  to  date.  A low  levee  with  a limited  relief  pump  capacity 
has  been  constructed  along  the  north  bank  on  the  Red  Cedar  River  between 
the  C.  5c  0.  Railroad  and  Kalamazoo  Street,  but  this  system  is  effective 
only  against  the  more  frequent  small  floods.  Michigan  State  University 
in  East  Lansing  is  reported  to  have  floodproofed  all  of  its  vulnerable 
structures  for  floods  to  the  height  of  the  April  1947  flood.  East  Lansing’s 
new  sewage  treatment  plant  has  its  own  protective  levee  which  is  reporteu 

to  protect  the  plant  from  floods  up  to  the  magnitude  of  the  April  1547 
flood.  The  authorized  (1955)  plan  called  for  a diversion  channel  and 
channel  excavation  which  would  protect  all  of  Lansing,  East  Lansing,  anc 
Lansing  Township.  In  this  current  basin-wide  study  of  flood  control, 
local  flood  protection  for  Lansing  and  vicinity  was  restudied  as  an  alter- 
native to  and  in  conjunction  with  possible  reservoir  protection. 

b.  Flood  problems.  Major  flooding  at  Lansing  and  vicinity  occurs 
along  the  Grand  River  and  its  tributary,  the  Red  Cedar  River,  within  the 
boundaries  of  Lansing  and  East  Lansing,  and  of  Lansing  Township,  located 
between  these  two  communities.  Vacant  lowlands  upstream  and  downstream 
from  these  urban  areas  are  also  inundated  during  even  minor  floods,  but 
only  a few  scattered  cottages  and  residences  are  damaged  from  flooding 
in  these  outlying  areas.  Flooding  along  the  Grand  River,  in  general, 
commences  from  downstream  of  the  Moores  Park  Dam  and  extends  along  both 
banks  of  the  river  through  a congested  residential,  industrial,  and  com- 
mercial section,  immediately  adjacent  to  the  heart  of  the  city  of  Lansing, 
downstream  to  the  Seymour  Street  bridge.  From  the  Seymour  Street  bridge 
downstream  to  Delta  Mills  the  lowlands  are  inundated  by  flooding,  but 
only  a few  scattered  industries  and  residences  suffer  flood  damages.  The 
inundated  area  along  the  Grand  River  through  the  city  of  Lansing  is  rather 
narrow  in  width,  as  the  valley  in  this  area  is  flanieed  by  gradually  sloping 
banks  30  to  40  feet  in  height.  However,  this  valley  is  extensively  devel- 
oped and  even  minor  inundations  impose  serious  handicaps  on  the  industries 
in  the  area.  Flooding  along  the  Red  Cedar  River  commences  generally  in 
the  vicinity  of  Michigan  State  University  in  East  Lansing  and  extends 
downstream  through  Lansing  Township,  along  both  banks,  to  the  River's  con- 
fluence with  the  Grand  River  in  the  city  of  Lansing.  Major  damages  in 
this  section  occur  to  the  residential  area  along  the  right  bank  between 
Kalamazoo  Street  and  the  C.  & 0.  Railway  bridge,  a stretch  of  about  50 
city  blocks.  Downstream  of  this  area,  below  the  Pennsylvania  Avenut 
bridge,  extensively  developed  industrial  areas  are  iffected.  Flood  stage, 
discharge,  and  damage  curves  for  Lansing  and  East  Lansing  are  shown  in 
Figures  H-8  and  H-9 . 
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Tabic  U-15  indicates  the  location,  extent  ; , 1 iara  tet  >£  ire  is 

flooded  by  the  April  194 / flood.  It  i:  e s t ima  t<  th..  the  stage  during 
the  l°04  flood  was  about  2-1/2  feet  above  the  1947  flood,  adding  about 
20  jvreent  to  the  total  area  inundated  and  increasing  considerably  the 
i:  ■ I ' -*  cause  of  greater  and  longc  t inundation.  The  damage 

c.st  ate  - used  :or  th  i rej  >rt  are  based  on  the  April  1947  llood,  as  it 

. v flood  r unage  data  are  available.  Values 

at  hones  in  the  flooded  ar  ts  range  from  low  to  above  average.  Some  of 
thi  homes,  especially  alon,;  the  led  Cedar  aiver,  have  deteriorated  in 
va  1 ..  ac  iuse  of  their  location  i a flood  liazard  area.  Practically  all 
t k homes  have  baacnents  which  are  flooded  frequently,  basements  of 
rr.’.-v,-  homes  In  areas  a jacent  to  this  frequently  inundated  area  are  flooded 
during  major  flood,  because  of  t'.u  inability  of  drains  to  function  properly 
uring  high  river  stages.  I-  th  =>e  downtown  business  districts  adjacent 

to  the  ora- • to i able  damage  through  loss  of  stock  stored 

in  casements,  ana  loss  of  wa.  , business,  and  production.  Because  of  the 
early  spring  . .currency  f th  l‘*47  1 1 od , there  wan  practically  no  cian- 
c a to  agriculture  rands  and  crops. 

Average  annual  dana  , . nputations 

(1'  damages  that  vjoulu  re.  ult  from  occurrences  of  two  hypothe- 
tical floods  or  from  recurrence  of  the  lr,4  7 flood  stage  are  shown  in 
Table  11- 10  and  H-17. 

(2)  In  the  decade  between  the  old  and  current  llood  damage 

* tudies  two  significant  changes  have  occurred . Thera  has  1 en  both  a gain 
> : :di  tribution  >f  it  it  i ima  wit  in  th  u a . In  relatii  tei  ms 

there  has  been  a slight  lessening  of  potential  flood  damages  aiong  the 
Grand  .liver  and  an  incroas.  of  tential  damage  v.rthin  tht  dec  Cedar 
.live.'  flood  plain.  A low  decline  in  the  utilization  of  the  Grand's 
narrow  flood  plain  ha  ta  en  place  as  the  city  has  developed.  Considerable 
development,  mostly  commercial  and  institutional,  has  taken  place  within 
the  .led  Cedar',-  broad  food  plain.  l'H  newei  buildings  are  either  located 
on  aigher  ground,  located  on  th.  u,r>ei  . imits  of  the  flood  plain,  oi 
f loodpr oofed  for  the  smallei  floods.  Onl-  tb,e  larger  floods  will  damage 
these  newly  developer  structures. 

(3)  A second  and  proba  ly  no  re  itnpoi  tant  chanbo  is  in  the  fiood 
. i s .harge - frequency  relationship  assigned  to  the  city.  In  the  light  of 
additional  stream  flow  records  and  a basin-wide  look  at  flood  discharge 
frequencies  and  publishing  of  the  results  as  "The  b 2 Regional  Flood 
Frequency  Study  ',  new  flood  frequency  relationships  were  developed  and 

ad  ted  for  this  area. 

(4)  As  a result  of  these  recent  studies,  average  annual  damagi 
timate  nave  been  reduced  from  $385,000  to  $54,300  at  Lansing  and 

increased  from  $L70,000  to  $241,600  at  East  Lansing. 
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TABLE  H-  i 5 


Section) 

(a) 


Sycamore 

Creek 


(d) 

Centra  1 


APRIL  1947  FLOOD 

AREAS 

IN  LANSING 

VICINITY 

Area  Inundated  - Acres 

Re  s 1 - 

Com- 

In- 

Parks 

Limits  of 

den- 

mer- 

dus - 

and 

Inundated  Area 

tial 

cial 

trial 

Schools 

Farm 

Vacant  Totals 

C.  6<  0.  Ry . to 
East  City 
Limits 

145.1 

6 

4 

162.8 

82.5 

i52 .4  552.8 

Junction  to 
C . x 0 • Ry  • 

22.4 

5 

35 

94.8 

15.2 

317  .5  485  .9 

Grand  River 

4 

8.9 

9 .6 

19.4  4 i .9 

above  Junction 

Junction  to 

11.5 

12 

30.4 

. 

16  .2  70.1 

North  Lansing 
Dam 


N.  Lansing  North  Lansing 
Dam  to  City 
Limits 


(f) 

Downriver 


Below  City  Limits 
to  Delta  Mills 
Bridge 


169.8  162.3 


190.7  31.0  85.2  267.2  267  .5  751. o 1,593  .2 
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FLOOD  DAMAGE  SUMMARY  - LANSING,  MICHIGAN 


RIVER:  Grand 

RIVER  MILE:  148.7 

INDEX  POINT:  N.  Grand  Rivet  Ave . bridge  ( USGS  gage) 


Hypo the  tica 1 
1 lood 

Hypothetical 
£ Loud 

1947 

flood 

l . 

Flooo.  stage  (USGS  elev.) 

833.2 

82‘i  .4 

822.4 

2 

Exceedence  freq.  1 percent) 

.04 

.19 

2.5 

3 . 

Discharge  *.c£s) 

45,000 

30,000 

16,400 

*4. 

Computed  residential  damages 

a.  Units 

1,157 

bo  i 

225 

b.  Damages 

$2,418,660 

$1  ,377,820 

$86,327 

5,  Computed  business  damages 


a.  Units 

bo  Damages  $10,003 

6.  Other  Damages  $ 2,947 

Totals 

a.  Units  1 

b.  Damages  $15,429 


8.  Average  annual  damages  - 

(February  I960  price  level) 


350 

325 

109 

255 

$ 5 , 7 2 i , 89  7 

$344,805 

232 

$1,72  1,59  7 

$ 45,742 

,507 

1 , lbU 

334 

,147 

$8,821,314 

$47u  ,874 

$54,300 
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FLOOD  DAMAGE  SUMMARY  - EAST  LANSING,  MICHIGAN 


RIVER: 

RIVER 

INDEX 

Red  Cedar 

MILE:  6.5 

POINT:  Farm  Lane  Bridge  (USGS 

Gage) 

Hypothetical  Hypothetical  1947 

flood  flood  flood 

1. 

Flood  stage  (USGS  elev.) 

843.3 

839.5 

835.9 

2. 

Ex 

ceedence  freq.  (percent) 

0.01 

0.2 

• 

3. 

Discharge  (CFS) 

15,400 

10,300 

5,  920 

4. 

Computed  residential  damages 

a . 

Units 

2,588 

2,085 

772 

b. 

Damages 

$5,878,158 

$3,606,249 

$564,959 

5. 

Computed  business  damages 

a . 

Units 

152 

148 

65 

b. 

Samages 

$11,296,130 

$4,826,425 

$323,364 

6. 

Other  damages 

$ 3,331,772 

$2,127,877 

$165,884 

7. 

Totals 

a. 

Units 

2,740 

2,233 

837 

b. 

Damages 

$20,506,060 

10,560,551 

$1,054,207 

8.  Average  annual  damages 

(February  1960  price  level)  $241,600 

Flood  damages  applicable  to  Lansing  and  to  East  Lansing  are  based  on  an 
arbitrary  division  line  where  the  Chesapeake  & Ohio  Railroad  Bridge  crosses 
the  Red  Cedar  River.  Flood  damages  upstream  from  this  point  are  included 
in  the  East  Lansing  figures. 


11-61 


A 


d.  Solutions  considered 


(1)  A full  range  of  locil  t , ood  .rotec  1 1 on  , tested. 

Upstream  reservoir  schemes,  levee  , and  floodwalf  i.  . .1  j Loren  but 

discounted  as  not  practical  in  the  Lansing  area.  A .a..  .•  i improvement 
scheme  was  the  obvious  approach;  the  >1  ol  .'em  was  to  .■  :.,ir  it-  location 

and  scale.  The  authorized,  publisher  plan  vn  ;on.-  . th»  «.;>,x:r  limit 

of  development  for  Lansing  and  vicinity.  One  a.  pi  . ..  j • . «.  to  scale 

back  this  plan.  Another  approach  .is  .1  in  studying  tu  . • i war  to  attempt 
to  match  the  downstream  effect  01  th<  dec  Ccd.m  ten  vitli  channel 

improvements.  These  plan  were  supplemented  > <-tiu  1 : 1 < L.,i  example: 

modifying  the  bridges  and  theii  a>p,  uach  sections  I u<-t  <.  ..a up  mg  the 
channel).  Another  considered  plan  was  a shallow  .he.!...  . . r.,;..  ovement 

including  widening  most  of  the  .led  Cedar's  bridge-- . Tiiis  ; fan  was  considered 
with  and  without  a diversion  channel.  Alter  due  cans  idei  a t:  ion  of  all 

plans  with  regard  to  their  phy-i.al  potential,  thei.  bent  fit  potential , 
and  their  cost,  it  was  judged  that  a plan  rotectiag  the  ...Lin  city 

be  studied  in  detail.  Each  plan  was  liver.,  licall-  .-  t< 

(2)  The  most  practical  plan  uf  in.|  n wneiit  for  t.ic  Grand  and 

Red  Cedar  Rivers  at  Lansing  and  vicinity  1 Las.-  m a . mined  design 

discharge  of  25,000  second-feet,  which  is  L\  > percent  . c"Uci  than  the 
reported  maximum  discharge  of  the  record  i Ou  llo  d aru  pcrc-mt  more 
than  the  April  19A7  flood  discharge.  At  the  rag.  res  .It  in;  from  this 
design  flood  the  channels  would  have  a min.-,  in  lie-  igtt  fr  ..  1-oaru  of  two 
feet.  With  the  exception  of  one  01  two  L.cal  .tea-:,  lor  which  levees 
would  be  provided,  the  channels  would  ear-  a combined  ti..od  discharge 

of  30,000  second-feet  with  only  min.u  suriacc  water  inunuation  and  Limited 
backwater  through  sewers  and  seepage  into  basements.  Th»  ;rincrpal 
features  of  this  proposed  plan  of  improvement  me  de  _r  i rd  below  and 
illustrated  on  Plate  H-19. 

(a)  The  existing  Red  Ce..at  Ri\-er  channe 1 would  be  widened, 
deepened,  and  straightened  from  be  1 cw  the  CclL  ,c  -a:,  n:.  the  Michigan 
State  University  campus  in  East  Lansing  t.  Its  . m.l.icnco  with  the  Grand 
River  in  Lansing  to  provide  flood  flow  capacity  of  L'-dO  _.s  as  far  as 
Sycamore  Creek  and  thence  11,000  cfs  to  the  Grand  diver,  a total  distance 
of  about  five  miles,  approximately  as  ft  lira:;: 

JL.  Provide  an  unlined  earth  channel  with  about  70-foot 
bottom  width,  l-on-4  side  slopes,  16-fcot  design  depth,  and  1 . j - fee  t-per- 
mile  gradient  extending  for  17,500  feet  from  the  College  dam  to  the  con- 
fluence with  Sycamore  Creek.  The  upper  end  of  this  design  channel  i:  to 

be  sloped  upward  to  meet  the  existing  bottom  grade  at  the  da::.  The  restricted 
openings  through  the  Chesapeake  < Ohio  .iailwav  bridge  (Col  Lege  spur) 
and  Harrison  Road  Bridge  are  to  be  riprapped  to  p.  rr.it  greater  -elocity 
without  excessive  scour;  still  smaller  openings  > the  AtUleti..  Bridge  on 
the  college  campus  and  the  Kalamazoo  Street  bridge  are  to  le  paved  with 
reinforced  concrete  to  prevent  scour  from  high  w:  cities  during  flood  flows. 


V-ft? 


2.  Provide  a charme  with  110-foot  bottom  width, 
l-on-4  side  slopes,  17-foot  desigi  deptn,  and  1 .C-foot-; er-milo  slope 
extending  from  the  mouth  of  Sycamore  Creek  to  the  Grand  .liver,  a distance 
of  8000  feet.  Openings  through  existing  railroad  and  highway  bridges  in 
this  reach  should  be  riprapped  to  prevent  erosion. 

2.  Clean  out  and  straighten  that  portion  of  the  Syca- 
more Creek  within  Lansing  city  limits  to  provide  better  flow  conditions. 

(b)  The  existing  Grand  River  channel  from  its  confluence 
with  the  Red  Cedar  River  in  Lansing  would  be  widened,  deepened,  and 
straightened  downstream  to  a point  about  two-thirds  of  a mile  below  the 
North  Waverly  Road  bridge,  a total  distance  of  six  miles,  to  provide  a 
flood  flow  design  capacity  of  12,400  cfs , including  1400  cfs  from  the  Grand 
River  above  its  junction  with  the  Red  Cedar  River,  approximately  as 
fol lows : 

_1.  Provide,  by  means  of  a general  cleaning-out,  a 
channel  with  a bottom  width  of  about  110  feet,  l-on-3  side  slopes,  17-foot 
design  depth,  and  1 . 5- fee t- pe r-mile  gradient  extending  from  the  Grand- 
Red  Cedar  River  junction  downstream  to  the  Shiawassee  Street  bridge,  a 
distance  of  5000  feet.  Existing  side  slopes  in  this  reach  above  the  cut 
will  not  be  disturbed  except  as  noted  below  and  will  be  paved  with  about 
3 inches  of  dumped  riprap  to  reduce  bank  scour.  In  the  vicinity  of  the 
new  Main  Street  bridge  it  is  desirable  to  widen  the  channel  and  to  provide 
l-on-3  side  slopes  paved  with  18  inches  of  dumped  riprap  to  prevent  bang 
s cour . 

2.  Provide  an  unpaved  earth  channel  of  130-foot  bottom 
width,  l-on-4  side  slopes,  17-foot  design  depth,  and  approximately  .0- 
foot-per-mile  gradient  extending  from  the  Shiawassee  Street  bridge  down- 
stream to  the  North  Lansing  Dam,  a distance  of  3100  feet.  Existing 
channel  conditions  in  this  reach  permit  the  use  of  this  type  of  design 
channel  without  extensive  channel  excavation  and  real  estate  costs. 

3.  Provide  an  unlined  earth  channel  with  a 130-foot 
bottom  width,  l-on-4  side  slopes,  16-foot  design  depth,  and  1 .3-fee t-.er- 
mile  gradient  extending  from  the  North  Lansing  Dam  downstream  to  the  Sey- 
mour Street  bridge,  a distance  of  2600  feet. 

4.  Provide  an  unlined  earth  channel  having  28C-foot 
bottom  width,  l-on-4  side  slopes,  16-foot  design  depth,  and  0.35-foot- 
per-mile  gradient  extending  from  the  Seymour  Street  bridge  downstream  to 
about  two-thirds  of  a mile  below  North  Waverly  Road  Bridge,  a distance  of 
21,000  feet.  Because  of  the  undeveloped  nature  of  the  river  banks  in 
this  area  the  design  of  this  portion  of  the  channel  has  been  flattened 
and  widened  to  permit  a reduction  in  grade  so  that  the  fLoodwater  will 
blend  into  the  backwater  from  the  natural  channel  downstream  as  soon  as 
possible  . 
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(.c)  A bypass  channel  with  a design  u.  L-  1 G 
second-feet  will  be  provided  between  the  Grand  l'.ivi.  the  . iciuity  of 
Mil  Lett  and  the  Crand  diver  in  the  vicinity  of  iv  Ita  ill;  a distance  of 
- ix  miles,  as  follows: 

r. . Provide  an  uu lined  earth  channel  • rth  n:,-foot 
• otter.:  width,  l-on-4  side  slopes,  20-foot  design  de  th,  an..  . . u-feet- 
|v  r-mtle  gradient  extending  for  27  ,(>00  feet  from  tin.  Grand  .ive:  diversion 
wo  l.s  to  a drop  structure.  A reinforced  concrete  had  ir  and  Urn.  tinc- 
ture would  be  provided  at  the  upper  end  to  permit  ade.juat  trun  1 t i • a o; 
lot.  roiu  the  pond  above  the  diversion  dam  to  the  cutol  i chann.  i. 

2.  Provide  a reinforced  concrete  . tved  e.  . p structure 
with  ade  . '.ate  stilling  basin  to  permit  a design  water  surface  dr*>.  ol  id. 4 
foot  anil  a cliannel  bottom  drop  o:  12.4  ieet. 

3.  Provide  unlined  earth  channel  of  ibO-f.ut  bott  m 
width,  l-on-4  side  slopes,  14-foot  design  depth,  and  1 .3- fee  t- r-mi  le 
gradient  for  a distance  of  4300  feet  from  the.  drop  structure  to  the  Grand 
diver  in  the  vicinity  of  Delta  Mills. 

(d)  These  channel  enlargements,  involving  621,000  cubic 
yards  of  excavated  materials,  are  based  on  the  following  design  criteria: 

_i.  Manning  roughness  coefficient: 

a.  Earth  and  riprap. >ed  channels  r 0,030 

b.  Concrete-lined  channel  r 0.013 

2.  Maximum  velocities  the  various  channel  sections 
are  to  be  subjected  to: 

a.  Earth  channel  - 4 feet  per  second 

b.  Riprap  channel  - 3 feet  per  second 

_c.  Through  riprapped  bridge  - b feet  per  <- econo 

d.  Through  concrete  paved  bridge  - 8 feet  -per  second 

2-  The  design  depths  for  these  channels  have  been 
established  to  require  the  least  changes  in  existing  bridge  foundations, 
piers,  and  abutments.  Borings  and  subsurface  explorations  indicate  that 
thi  excavation  will  be  entirely  in  overburden.  However,  it  is  ,essible 
that  there  will  be  a very  limited  amount  of  shallow  excavation  in  soft 
shale  near  the  bottom  of  the  heaviest  cut  in  the  cutoff  channc  i . 

4.  Riprap  channel  at  critical  points  to  reduce  ,cour. 
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_5.  Pave  channel  1 cl  ht  inches  >f  reii  >r  . n<  rett 

and  adequate  subgrade  at  critical  j.  • t . duce  scour. 

6.  Construct  sever  new  highway  bridges  and  four  new 
railroad  bridges  over  the  Crand  and  .ted  Cuuar  .livers  and  diversion  channel, 

_7o  Reinforce  substructure,  piers , and  abutments  or 
ten  highway  and  five  railroad  bridges  over  the  Grand  and  Red  Ccoar  : , vers  . 

8.  Elevate  two  highway  bridges  on  the  Crand  River  to 
provide  adequate  underclearance  and  relocate  approximately  one-quart-  . 
mile  of  highway  for  the  diversion  channel. 

£.  Remove  ex  is  ting,  buildings  and  structures  from. 

r igh t -o  f -way . 

1 0 . Clear  brush  and  shrubbery  from  right-of-way, 

1 1 . Seed  -ice  slopes  and  r ight-of-way  a Long  the  entire 

proposed  channel. 

12 . Strengthen  and  extend  the  low  earth  levee  along  the 
right  bank  of  the  Red  Cedar  River  in  Lansing  Township, 

13 . Construct  a diversion  dam  across  the  Grand  „ivi r in 
the  vicinity  of  Millett  with  the  top  at  an  elevation  of  860.0  feet.  This 
structure  would  have  one  taintcr  gate  16  leet  high  by  25  feet  wide,  rein- 
forced concrete  foundation  slab,  abutments,  core  waLl  and  wing  walls,  baffle 
piers,  and  an  "Ogee"  section  concrete  spillway,  467  feet  in  length,  with 
stilling  basin  and  steel  sheet  pile  cutoff  walls,  and  an  earth  fill  non- 
overflow section  at  each  end.  The  sill  of  the  gate  section  would  be  at 
elevation  820.0  and  the  crest  of  the  spiLlwav  would  be  at  elevation  c50.  ). 

At  Low  flow  stages  in  the  river,  the  tainter  gate  would  remain  open,  per- 
mitting complete  discharge  down  the  existing  channel.  The  crest  of  the 
Moores  Park  Dam,  located  about  three  miles  downstream,  is  at  elevation 
832.2.  As  a Grand  River  discharge  of  about  4400  second-feet  is  Leached, 

the  tainter  gate  would  be  closed  and  water  would  pond  above  the  diversion 
dam  to  the  elevation  of  the  crest  of  the  tainter  gate,  836,0,  which  is 
also  the  crest  elevation  of  the  diversion  weir,  and  the  floodwaters  would 
be  diverted  down  the  cutoff  channel.  As  the  flow  increases  the  gate,  would 
be  opened  so  as  to  maintain  the  pool  elevation  at  the  top  of  the  gate. 

At  the  design  discharge,  13,000  second-feet  would  be  diverted  down  the 
cutoff  channel  and  1400  second-feet  would  pass  through  the  tainter  gate 
and  thence  down  the  existing  channel.  The  backwater  elevation  above  the 
diversion  structure  would  be  at  the  same  elevation  as  with  comparable  dis- 
charges in  the  existing  channel  without  diversion.  it  is  considered 
desirable  to  provide  a concrete  spillway  section  to  protect  the  diversion 
dam  against  overtopping  by  floods  equal  to  the  maximum  probable  flood.  At 
a Grand  River  discharge  of  this  magnitude  (62,000  second-feet),  fLow  down 
the  cutoff  channel  would  be  36,000  second-feet,  through  the  open  gate  and 
over  the  spillway  section  would  be  26,000  second-feet,  and  the  water  eleva- 
tion at  the  dam  would  be  5.5  feet  below  the  top  of  the  non-overflow  section. 
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14 . Make  alterations  to  existing  water,  ;a.  , sanitary 
and  storm  sewers,  water  intakes,  and  electric  and  telephone  lines  as  necessaiy 
or  the  new  and  improved  channels. 


e . Economic  analysis 

SUMMARY,  ESTIMATE  OF  COST 
( In  19 54  Dol lars ) 


1 tern 

Contrac  t 

Continsenc ies 

E&L) 

S6.A 

Tota  1 

La  nd  s 

right-of-ways 

$ 679  000 

$ 170,000 

$ 85,000 

$ 60,700 

$ 994,500 

e t : . 

Br  iuges , roads 
i utility 

1 ,6  lb, 000 

404,000 

202,000 

144,430 

2 . U 4 3 

re  ioca tions  etc. 

Cons  truction 
excavations 

0,323,000 

1,581,000 

790,400 

565,136 

9 ,259 , 500 

dam.  riprap, 
e tc . 

TOTAL 

8,618,000 

2,155,000 

1 ,077,400 

770,200 

i2, 620, tOO 

TOTAL  Converted 

to  dollars.* 

$16,347 ,000 

* Adjustment  based  on  Engineering  New  lecord  index  (1960) 

The  total  cost  for  the  proposed  channel  improvement  and  channel  diversion 
is  estimated  at  $16,347,000.  The  Federal  first  cost  share  would  be 
$12,167,000  and  local  interest  would  bear  $4,180,000  of  the  first  cost. 
Comparing  the  cost  of  this  plan  to  the  1956  estimate,  about  SI, 000, 000 
in  new  bridge  costs  have  been  added  to  service  the  growing  city.  The  re- 
mainder of  the  difference  is  accounted  for  by  a 32  percent  rise  in  con- 
struction cost  between  1954,  the  index  year  used  in  the  report, and  1>69,  the 
the  index  year  used  in  this  study.  When  the  cost  of  the  project  is  amortized 
over  fifty  years  at  4-5/8  percent  interest,  the  average  annual  cost  is 
$873,500.  In  addition  to  direct  flood  protection  for  existing  conditions, 
both  higher  utilization  of  lands  and  the  availability  of  land  not  usable 
before  will  provide  an  additional  $46,000  in  annual  benefits.  Annual  benefits 
for  the  entire  Lansing  area  will  total  $341,900. 

f.  Summary  of  investigation.  Flood  conditions  are  experienced  at 
Lansing  and  vicinity  nearly  every  year.  These  conditions,  however,  are 
normally  limited  to  vacant  lowlands  located  upstream  and  downstream  of  the 
urbanized  areas  with  serious  flood  conditions  existing  for  floods  of  50- 
ycar  recurrence  frequency.  Average  annual  damages  amount  to  $54,300  and 
$241,600  for  Lansing  and  East  Lansing  respectively.  Several  plans  of 
flood  control  protection  were  studied.  The  most  practical  plan  of  improvement 
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consists  of  channel  improvements  in  the  Grand  and  Red  Ceoar  Rivers,  and 
construction  of  a diversion  channel  for  high  Grand  River  flows.  This 
improvement  plan  would  provide  p. otection  against  the  1904  flood  of  record. 
Detailed  economic  studies  indicate  that  average  annual  costs  associated 
with  the  plan  of  protection  would  total  $873,500.  The  resultant  benefit- 
cost  ratio  is  0.40;  hence,  the  flood  control  project  for  Lansing  and 
vicinity  is  not  feasible  and  not  recommended.  These  recent  studies  do  not 
support  the  authorized  project  for  the  Lansing  area,  since  average  annual 
damages  have  been  reduced  as  a result  of  using  the  Grand  River  Regional 
Frequency  Study  of  1962,  while  average  annual  costs  have  increased  from 
$459,440  to  $873,500  with  1954  as  the  base  p. ice  year,  and  interest  rates 
were  changed  from  2-1/2  percent  in  1454  to  4-5/8  percent  in  1969. 

22.  D1M0NDALE . The  Dimondale  Village  President  has  stated  that  no 
damage  occurred  in  the  village  from  the  1947  flood.  All  building  develop- 
ments at  Dimondale  are  located  on  high  ground.  Wilson  Brothers'  Uimondaie 
Mill,  which  as  late  as  1950  employed  two  mm  to  operate  the  facility, 

wa  forced  to  shut  down  operations  due  to  iigh  tailwater  elevations  down- 
stream of  the  dam.  In  1947  and  l‘.*4b  t tn  uimondaie  Dam,  owned  by  the 
city  of  Lansing,  was  in  danger  of  washing  out.  Several  men  sandbagged 
the  dam  until  the  threat  had  passed.  There  was  no  preliminary  investiga- 
tion of  a protection  chetne  at  the  village  of  Dimondale  because  of  the 
minor  damages  and  negligible  benefit-  t > U derived. 

23 . EATON  RAPIDS 


a . Description  or  the  area 

(1)  Eaton  Rapids  is  located  in  the  southeastern  section  of 
Eaton  county,  approximately  18  miles  south  or  Lansing.  The  mty  lies  on 
both  banks  of  the  Grand  River,  including  four  islands  within  the  city 
limits  between  river  miles  180  and  lb2 . The  Grand  River  at  Eaton  Rapids 
drains  an  area  of  about  c61  square  miles.  The  four  small  islands  locates 
within  the  city  Limits  have  been  formed  at  the  junction  of  Spring  Erooa 
with  the  Grand  River.  This  small  tributary  (8m  square  miles  of  drainage 
area)  flows  for  about  20-1/2  miles  noithward  to  join  the  Grand  River  in 
the  heart  of  the  downtown  business  area.  One  minor  creek,  unnamed  and  of 
little  significance,  joins  the  Grand  River  within  the  city  limits  Iron 
the  east  as  a feeder  to  the  mam  stream.  The  neighboring  countryside 
around  Eaton  Rapids  is  representative  o£  the  glaciated  areas  of  lower 
Michigan,  gently  rolling  hills  (moraines)  and  outwash  plains,  kames, 
composed  of  sand  and  gravel  capped  by  clay,  rise  20  to  50  feet  above  the 
level  of  the  plain.  Kettles,  roughly  circular  depressions  as  much  as  j0 
feet  below  the  level  of  the  plain,  are  typically  swamps  and  bogs. 

(2)  Eaton  Rapids  has  shown  a large  increase  in  population  from 
1940  to  date.  As  of  the  1960  census , the  total  number  of  residents  in  thi 
city  was  4052  persons,  a 15-1/2  percent  increase  over  the  previous  decade 
and  a 32  |>ercent  increase  from  the  1940  figure  of  3(X>0  persons.  Eaton 
Rapids  is  located  in  one  of  the  heaviest  crop-producing  districts  in  the 
state.  The  most  important  crops  are  small  grains  such  as  field  corn, 
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wtw.il,  and  bailey.  In  addition  to  revenue  received  from  Local  farming 
ntcrprises,  the  city  also  derives  a small  income  from  the  sand  and  gravel 
industry.  The  nunufacture  oi  dairy  products  is  still  a prosperous  industry, 
but  a long  established  woolen  mill  has  ceased  operations.  Also,  Union 
dam.  Company,  formerly  Raisin  River  Paper  Company,  closed  its  Eaton  Rapids 
Lant  when  its  new  plant  at  Kalamazoo  was  completed  in  Augu  t 1966  . 
Seventy-five  retail  establishments,  employing  330  persons,  provide  personal 
and  mercantile  services. 

(.3)  A USGS  stream  gaging  station  is  on  the  Grand  diver  at  river 
,;ilj  178  near  the  city  of  Eaton  Rapids.  It  is  located  in  NEl/4,  section 
26,  T2N , R3W  , on  the  right  bank  400  feet  upstream  from  the  bridge  on 
Pctrieville  Highway,  two  miles  northeast  of  Eaton  dapids,  2-1/2  miles 
downstream  from  Spring  Brook,  and  25  miles  upstream  from  the  tied  Cedar 
diver  confluence.  The  drainage  area  at  the  gage  is  b61  square  miles. 
Continuous  records  are  available  from  October  1950  to  date.  Also,  there 
is  a U.  S.  Weather  Bureau  staff  gage  in  Eaton  dapids  on  the  west  abutment 
of  the  West  Hamlin  Street  footbridge. 

(4)  The  city  of  Eaton  dapids  has  developed  its  municipal  water 
supply  from  shallow  wells  drilled  into  50  to  70  feet  of  glacial  drift  and 
from  deeper  wells  extending  300  feet  below  the  ground  surface  into  bedrock. 
The  water  is  treated  to  remove  iron  salts  only.  Storage  is  provided  by 
means  of  a 250,000-gallon  elevated  tank.  The  sanitary  system  consists  of 

a combined  sanitary  and  storm  sewerage  system  which  is  designed  to  carry 
one  million  gallons  per  day.  Settling  tanks,  chlorination  by  gas,  digesters, 
and  sludge  beds  make  up  the  sewage-treatment  plan  which  has  been  judged 
by  State  authorities  to  be  satisfactory  and  adequate  for  future  expansion. 
Public  utilities  in  the  city  consist  of  one  municipal  and  one  privately 
owned  electric  power  plant  and  one  privately  owned  gas  plant. 

(5)  Fifteen  bridges  cross  the  Grand  River  and  Spring  Brook 
between  Petrieville  Road  downstream  from  Eaton  Rapids  and  Smithvillc  Road 
upstream.  Two  of  these  are  railroad  trestles,  two  are  State  highway 
bridges,  and  the  remainder  carry  both  pedestrian  and  vehicular  traffic. 

Two  dams  in  and  near  Eaton  Rapids  impound  water  for  generation  of  electric 
power.  Transportation  facilities  at  Eaton  Rapids  arc  limited  in  number, 
but  appear  to  be  adequate  for  the  needs  of  the  community.  The  New  York 
Central  Railroad  provides  rail  service  between  Lake  Michigan  and  Lake 
Erie  ports.  Passengers  may  board  the  Chesapeake  and  Ohio  Railway  lines 

at  Lansing,  and  the  Grand  Trunk  Western  Railroad  at  nearby  Charlotte. 

Three  State  highways  enter  Eaton  Rapids:  M-50,  running  generally  east-west, 

connects  Monroe  and  Jackson  with  Grand  Rapids  and  Muskegon;  M-99  provides 
access  from  Lansing  south  to  the  Ohio  Turnpike;  and  M-188,  a relatively 
short  highway,  runs  between  Eaton  Rapids  and  the  V.F.W.  National  Home  near 
Kinneville  to  the  southeast. 

b.  Flood  problems.  Flood  damages  in  the  city  of  Eaton  Rapids  are 
periodically  experienced,  principally  in  the  downstream  business  district, 
located  on  a large  island  at  the  junction  of  Spring  Brook  with  the  Grand 
River.  About  25  city  blocks,  containing  45  to  50  businesses  and  50  to  60 
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residences,  are  subject  to  inunda 1 i v.  .1 pths  01  two  . r . 

the  larger  tloous.  flood  damage : ' .a inly  been  recorded  a-  t 

damage's , except  foi  few  Lnst  • ling  in  t hi 

town  business  establishment:. . Uurin,  t:vc  1 f lood  , 30  home,  and 
commercial  but  Id  inv:  were  reported  t.  have  water  in  their  basements  . nd 
eight  homes  and  1»>  busine:  buildings  wet'  reported  t huv-  ex  per  i • 

first  floor  f 1<  ling.  F loo<  s t , l is  harge , ind  imagi  rv<  r<  tion- 
ships  are  shown  in  Figure  H-iO. 

c.  Average  annuli  damage  computation  ■ . ..1  le  d-.  • -nmurix 
damages  that  would  result  from  recurrences  : the  ! • , lV-7,  and  1 
floods.  Plate  11-20  shows  a 1 ')Ui  flood  outline. 

d.  Solutions  considered,  because  o.  tin  relatively  flat  tur..; 
the  terrain  near  baton  Rapids  and  the  Location  of  the  town  mainly 

islands,  the  contr.  1 ot  flooding  present,  a somewhat  t.  mi, 'lex  prc-ble 
e rat  ion  wa  ;i\  tc  reasinj  t . ipacity 

cning,  and  straightening.  Control  lie.  1 f lood  flows  Solely  at  Eat  . 

Rapids , by  a syst  ervoi  ; , wa  studied  n a basin -wide  scale, 

was  apparent  from  a look  at  the  re  ervoi.  co nr  true t ion  costs  that  this 
type  of  solution  (considering  inly  : 1 • 1 . rtr-  1 purposes)  could  n t b 

justified.  However,  the  project  forrulati  or.  studies  cons  loured  tentiai 
Eaton  Rapids  flood  control  benefits  a lung  with  benefits  in  ether  commun- 
ities for  both  single-purpose  and  multi-purpose  reseivoir  protection 
plans.  The  geography  of  Eaton  Rapids , with  the  two  streams  a no  the  mill- 

race  channel,  is  such  that  levee  lints  would  Le  of  considerable  length  ar.u 

therefore  costly.  The  business  district  . ited  on  what  can  ...  consi- 
dered a low  island.  M _ the  re  ident nt,  except 

cases,  is  located  on  higher  ground  . Hu  entire  basincs:  district  t.  c It 

ha  vt : to  bi  irrounded  1 1 evee  1 . i 1 tem.  rh  ti « 

openings  would  hav  to  e protected  or  blocked  eft:  also,  an  extc 
interior  drainage  system  would  be  require.: . Other  area  ol'  the  . , ty  w.  ic 
also  need  , rotuction  y 1 similar  program  levet  : and  inter!  t . rain 
systems  if  a high  degree  of  protection  were  requi  . Th« 
type  of  plan  would  be  extremely  high  when  compared  to  the  benefit  t. 
gained;  howeve ; , if  an  adequate  • vs  tem  w re  provide  . , nearly  all  f i. 
damage  could  b<  1 ■ nl  . Ai  ther  pla:  . th  fea 

modifying  the  existing  power  diver,  ion  car  that  i.  located  just  1 traam 
of  State  Street.  This  >lan  called  r ar  t;ic  modification  of  the  existing 
fixed  crest  dam  to  a , it«  . . ti  ture . at  would 

during  flood  flow,  to  reduce  the  . , t; earn  stage  and  to  reduce  flow  o. 

into  the  millracc.  Are 1 land  llooding  would  c reduced,  but  flooding  from 
sewer  back-up  would  not  change.  The  benefit  would  be  limited  to  rcuuctrvn 
of  overland  flooding  in  the  bus  ine  s di  trict,  with  benefits  estimat  a t 
be  $12 , 741  for  the  1 ' lood.  Still  another  lan  given  consideration  wa 

it  /in  r . r ■ ■ Iran  nf  lows . 

This  plan  assumes  that  the  hi.  ovarian*.  f 'ding  comes  from  Spring 

Brool  and  nut  from  the  Grand  livi  . \ 1 irand  Rivei 

into  Spring  Brook  via  the  millracc  reach  a maximum  >f  about  700  cfs, 
incri  I y a nt.  The  high 
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tls  iv  .cod  the  outlet  capacity  for  Spring  " ti  >"ii  liov.s. 

. i ti'|  netne  wds  considered  to  solve  the  problem: 

Step  1 Construct  a closure  structure  across  tne  niillrace  and 

block  Grand  diver  flows  from  entering  during  high  flood 
stages  . 

te,  2 lncredsc  cite  outlet  capacity  of  Spring  Brook  by  constructing 
additional  outlet  conduits. 

1 : v.M  ^iru tod  that  a new  three-barrel  outlet  structure,  with  an  addi- 
' al  cfs  capacity,  would  be  sufficient  to  keep  Spring  Erook  back- 

s’, . .clow  the  flood  damaging  stage.  This  plan  was  found  to  stop  most 
■o eland  flooding  at  a minimum  cost;  however,  it  would  not  stop  the  sewer 
ac..-up  damage.  Potential  benefits  would  be  limited  to  elimination  of 
overland  flooding  damages.  The  benefit-cost  ratio  indicates  that  this 
is  not  ar.  economically  feasible  solution.  It  was  concluded  that  control 
t keep  the  Grand  diver  flow  below  the  865.0-foot  elevation  by  an  upstream 
:c-.. voii  or  the  diversion  scheme,  although  not  economically  feasible, 
v .ilc  be  the  only  physically  acceptable  solution  to  the  Eaton  Rapids 
I cod  problem. 


Economic  analysis.  Reservoir  stuuies  are  presented  in  Section  V. 
ihc  diversion  plan  calls  for  diverting  the  Grand  diver  from  the  Smithville 
,;am  backwater  pool  across  a large  meandering  bend  in  the  river  and  into 
the  Grand  diver  about  one  mile  downstream  from  Eaton  dapids.  The  diver- 
sion channel,  shown  on  Plate  11-21,  Plan  of  Protection,  would  run  north 
Iron  a new  gated  control  structure  adjacent  to  the  backwater  pool  at  the 
Smithville  dam.  The  channel  would  be  12,000  feet  Long  and  would  have  a 
50-foot  bottom  width  and  2:1  sides  lopes.  The  design  slope  for  the  stream 

at  an  elevation  of  857  feet  at 
entrance  structure  to  be  required 
at  the  head  of  the  channel  since  the  pond  level  will  fluctuate  more  by 
the  peration  of  the  dam  than  by  flood  flows,  Necessary  energy  dispersion 
structure  ; were  included  at  both  ends  of  the  channel.  Two  county  loads, 
Plains  Highway  and  Barnes  Highway,  will  require  new  bridges.  The  pro- 
posed channel  will  handle  up  to  a maximum  discharge 
channels  were  considered  but  the  cost  reduction  did 
the  reduction  in  .rotection. 


; -foot  bottom  width  and  2:1  sideslopes, 
otton  us  chosen  to  be  0.00025,  starting 
the  dam.  Costs  were  computed  for  a gated 


of  6200  cfs.  Smaller 
not  seem  to  warrant 
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SUMMARY,  ESI  IMA  Vi-.  F . 
Eaton  R'  : 


A.  Non -Feat' t a 1 - t 


1 tern 

Contract 

Cont ingenci e s 

L'xD 

S'*  A 

Tata  is 

La  nd  s 
Br  idges 

$ 2o ,400 

312,000 

$ 

0 ,600 
78,000 

$ 

33,000 

390,000 

Subtotals 
Non-Federa 1 

$ 338,000 

$ 

84  ,000 

$ 

<*23 , 000 

B . Federa  1 

Excavation 

Fill 

S tructures 

$1,191,400 
791 , 100 
95,500 

$ 

298.000 

193.000 
23 ,900 

$148,9  00 
98,900 
12,000 

$106 , 500 
70,720 
b , 500 

$ 

1,744,800 
1,158, 700 
140,000 

E.&D. 
S .ScA. 

$259 ,800 

$ r 85 ,800 

Subtotal 
Federa  i 

$2,078,000 

$ 

519,900 

$259 ,800 

$185,800 

$ 

3,043,500 

Total  First 
Cos  t 

$2,416,400 

$ 

604,500 

$259,800 

$185,800 

$ 

3,466,500 

TOTAL 

$ 

6 .933,000 

Annua L Cost  Summary 


$ 423 , 000  x .051b  = $ 21,800 

3,043,500  x .051b  ; 157,000 

$ 178.800 
SAY  178,800 

Operation  and  maintenance  : 2,500 

Total  $181,300 


Based  on  a review  of  the  updated  damage  survey  data,  the  average  annua,  dam- 
ages for  Eaton  .lapids  are  estimated  to  be  514,2 'u,  baseci  on  1(,60  prices.  The 
index  point  for  this  damage  estimate  is  the  i.S.  Weather  Bureau  Gage.  The 
preliminary  estimate  of  the  diversion  channel  construction  c. st  is  33, -66. 500. 
The  average  annual  cost  is  $181,300  based  upon  a 50  year  financing  pe.iod  and 
a 4-5/8  percent  interest  rate.  Annual  operation  and  maintenance  costs  are 
estimated  to  be  $2,500.  A comparison  ot  the  potential  benefits  to  costs,  gives 
a benefit-cost  ratio  of  0.08  to  1.0. 
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TAIiLE  11-18 


FLOOD  DAMAGE  SUMMARY  - EATON  RAPIDS,  MICHIGAN 

RIVER:  Grand 

RIVER  MILE:  180.6 

INDEX  POINT:  USGS  Gage 


1947 

Flood 

1943 
F loot 

ly  56 
F lood 

1-  • 

Flood  stage  (USGS  elev.) 

86  2.4 

861  .7 

6o  0 .4 

2 

Exceedence  freq  . (percent) 

1 .5 

3.75 

11.35 

3- 

Discharge  (.cfs) 

6 ,620 

6 ,000 

4,650 

4 • 

Computed  residential  damages 

a.  Units 

58 

39 

25 

b.  Damages 

$36 ,010 

$19 ,530 

$ o,4d0 

5 . 

Computed  commercial,  indus- 
trial and  other  damages 

a.  Units 

49 

32 

26 

b.  Damages 

$44,302 

$23,712 

$17,743 

6 . 

Tota Is 

a.  Units 

107 

71 

51 

b.  Damages 

$80,312 

$43,242 

$26,223 

• 

Average  annual  damages 
(February  1960  price  level) 

$11,723 

- . Sumnuiy  of  invest  ip, at  i n.  -.4  ■ . n . 

The  problem  may  be  corrected  by  severe  me  , 

be  a diversion  of  Grand  River  :l  1 . . 1 ... 

relatively  small  benefit  t ’ Oe  1 .....  r^ 

et'it-cost  ratio,  it  was  concluded  that  . the. 

project  at  hat  n Rapids  . justi:  i .t  tin-  t in 


has  a flood  damage  problem 
tin-  test  1 fan  appeal  • t 
• ■ town . . ius< 

alt  in  unfavorable  t.en- 
stady  of  a flood  control 


24.  JACKS  Jb . Recent  floods  in  t:  , igan,  area  have  been 

inor  in  t»a  ture  . r ted  a Ion  thi  read 

of  the  Grand  River  since  the  ' 1.  _.il  interests  improved  the 

Giand  Rivet  at  Ja.k^on.  A.th  ..h  a 1 1 iooding  does  occur  oil -river 

as  a result  f inadequati  toi  . • tion  i eing  remed ied 

The  lakes  and  swamps  upstream  fior.  Jer  . . • rvt  as  natuial  controls  for 

runoff,  temporarily  storing  the  water  it  lle^t-  and  releasing  it  s „ov.  ly 
»ver  • ong  peri  time . Jackson'  it i n in  the  headwaters  of  the 

Grand  River  • asin  is  favorable,  but  a tru  jor  : 4.00c  could  be  experienced  if 
a are  intense  storm,  o.  a combination  of  several  severe  storms,  occur  in 
the  area.  In  April  1950  approximately  l.hl  inches  of  rain  fell  on  tne 
saturated  ground,  and  catch  basins  in  the  _ity,  blocked  by  debris,  cause-c 
flooded  streets  in  many  areas.  Overloaded  sewers  a iso  caused  flooding  in 
basements  of  hundreds  of  houses.  During  this  storm  the  Grand  River  reaci.ee 
the  second  highest  level  shown  in  the  records  of  the  CSGS  gage  at  the  sew- 
age treatment  plant.  The  highest  leve  ot  record,  elevation  913.5  feet, 
occurred  25  Jane  1937.  The  Superintendent  of  Public  Works  stated  that  i. 
the  Grand  River  started  to  overflow  the  letaining  walls  at  the  dam,  im- 
pounding water  within  the  city  limits,  the  lowei  flood  gates  in  the  spill- 
way would  be  opened.  At  this  time,  the  water  would  be  roughly  seven  feet 
over  the  covered  river  condu't  in  the  city,  and  it  was  estimated  that  open- 
ing the  gates  at  the  dam  would  add  about  one  foot  to  the  river  stage.  In 
April  1947  Jackson  recorded  a 3.17  inch  rainafail  that  caused  flooded 
streets  and  basements  from  logged  catch  basins  and  overloaded  sewers.  An 
interview  with  the  City  Engineer  revealed  that  300  homes  in  the  township 
area  were  flooded.  No  damage,  however,  was  caused  by  high  Grand  River 
stages.  Commercial  damage  was  approximately  $2,000  due  to  flooded  basements 
caused  by  catch  basin  and  sewer  conditions.  This  appears  to  be  a local 
drainage  problem  rather  than  a Grand  River  Iooding  problem.  Because  of 
the  relatively'  mino.  flood  problem  which  exists  from  the  Grand  River  at 
Jackson,  no  local  protection  plans  were  studied  for  flood  control.  The 
character  and  extent  of  the  upstream  watershed  and  the  controls  affecting 
flows  through  Jackson  are  such  that  flood  conditions  would  have  slight 
chance  of  occurrence  in  the  City. 

25.  MASON.  The  highest  and  most  severe  recent  flood  recorded  on  Sycamore 
Creek  at  Mason  occurred  in  1947.  At  that  time,  Sycamo.e  Creek  was  at  its 
highest  level  since  a similar  1918  flood  recalled  by  residents.  The  West 
Elm  Street  bridge  was  washed  out  and  flood  waters  threatened  the  Ash  Street 
bridge.  Fearing  the  water  would  wash  out  a Consumers  Power  Company  ilec- 
tric  substation  in  Mason,  the  area  around  the  structure  was  sandbagged. 

Ten  to  twelve  houses  on  North  Lansing  and  West  Maple  Streets  in  Mason  were 
completely  surrounded  with  water.  The  1947  flood  ripped  away  200  feet  of 
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Now  York  Central  Railroad  track  near  the  intersection  of  Park  ^nd  ilia 
Streets.  Based  on  the  flood  damages  experienced  that  yeai  , average  annual 
damages  were  estimated  to  be  $21,800.  Yet,  as  tar  as  local  interests  ire 
concerned,  no  serious  Hood  problem  exists  at  the  city  of  Mason  except  in 
a few  isolated  areas.  A 16  June  1958  letter  from  the  City  Engineer  stated: 
"ihe  writer  has  been  a resident  of  Mason  for  the  past  51  years  and  has 
never  considered  Mason  a a problem  area  in  the  matter  of  floods,  except 
in  very  small  areas.''  After  no  reply  was  received  to  a November  i5o4  letter 
sent  to  the  Mayor  of  Mason  asking  whether  the  city  desired  a continuation 
of  the  flood  control  study  as  part  of  the  Grand  River  Basin  Comprehensive 
Study,  it  was  decided  that  flood  control  studies  should  not  be  undertaken 
for  Mason. 

2b.  OTHERS . In  addition  to  the  above  communities  reporting  flood  damages, 
Hastings  on  the  Thornapple  River;  Muir,  Maple  Rapids,  and  Ovid  on  the 
Maple  River;  and  Okemos , Williamston,  and  Fowlerville  on  the  Red  Cedar  River 
have  experienced  occasional  minor  flood  damages.  These  areas  were  not 
tudied  in  detail  on  the  premise  that  such  studies  were  not  warranted. 
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sect i or;  l: i 


AGRICULTURAL  FLOOD  DAMAGE  STUDIES 


27.  GENERAL.  This  is  a summary  of  the  preliminary  evaluation  of  agricul- 
tural  flood  damages  along  the  main  stem  of  the  Grand  River  and  the  Red 
Cedar  River.  The  study  was  conducted  to  determine  the  extent  and  distribu- 
tion of  flood  damages  in  the  sectors  between  the  urba".  damage  rente 
along  the  main  stem  of  the  Grand  River  and  along  am-.  >:  it.  major  tribu- 

taries. The  first  objective  was  to  determine,  b.  . jf  readily  available 
data,  if  significant  damages  occur.  li  o,  then  a ..e  tailed  study  rogran 
would  be  developed  to  evaluate  the  precise  damage  . It  was  decided  to 
study  the  Red  Cedar  River  as  representative  of  tn  nuition.  to  ;.e  found 
on  the  major  tributaries. 

2d.  AVAILABLE  DATA  UTILIZED.  The  entire  aui:,  .1.  t—  it  in  the 

early  1930's  in  preparation  of  the  Cor.  . ,i  Engine..  - A.  . t '. 

One  element  of  this  report  was  the  preparation  a . . t,  . ru  hi_ 

maps  of  the  flood  plain  area.  This  map;  i..  cover  th«.  .1 1 ley  >£  t..  main 
stem  in  detail  from  the  city  of  Jackson  to  the  i ty  ot  Grandvillt  anu  also 
the  lower  reaches  of  all  the  major  tributary  . The  map  ilso  indie  it<  . 
the  current  land-use  patterns. 

a.  A 1959  Corps  of  Engineers  document  titled  'Interim  Survey  Report 
on  Major  Drainage  and  Flood  Control  for  Portage  River,  Michigan"  was  also 
utilized.  This  report  was  prepared  jointly  by  the  Cos.  pa  of  Engineers  and 
the  Department  of  Agriculture's  Soil  Conservation  Service  for  the  Portage 
River  sub-basin,  an  agricultural  area  in  the1  upper  Grand  ,.iver  basin. 

b.  In  addition  to  the  above  two  published  report.  , other  data  coll-_tee 
on  the  Basin  for  other  purposes  and  reports  were  utilized.  These  includec 
the  1S6  2 Regional  Flood  Frequency  Study,  the  numerous  s tage-d is  charge 
relationships  developed  for  gaging  stations  and  other  inaex  points,  and 

a flood  profile  of  the  highest  elevation  reached  during  the  1947  flood 
along  the  main  stem.  Recent  Department  of  Agriculture  aerial  photograph 
mosaics  available  for  all  counties  within  the  Basin  were  utiliz-c  to 
establish  current  land-use  patterns  and  to  note  changed  conditions. 

2'  . METHODOLOGY . Initially,  land-use  patterns  were  identified  from 
aerial  photographs  and  color  codes  on  the  "308"  topographic  maps.  Three 
land-use  categories  we.e  established  for  simplicity;  productive  agricultural 
lands,  non-productive  agricultural  lands,  and  non-agricultura 1 lands. 

The  flooding  outline  for  three  floods  was  next  delineated--the  1947  floor 
outline  and  two  hypothetical  flood  outlines:  a flood  two  feet  higher  than 

the  1947  flood,  and  a flood  five  feet  below  the  1947  flood.  The  main 
stem  was  then  subdivided  into  reaches  or  sections  that  could  b._  referenced 
to  one  of  the  existing  index  points,  usually  a gaging  station  having  an 
available  rating  curve.  Inundated  area  by  land-use  category  was  estimated 
for  each  flood  by  use  of  stage  - inundated-area  relationship  curves. 
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Crop  values  and  other  agricultural  relationships  were  developed 
Lor  the  entire  reach  under  study  based  on  data  found  in  the  j » 5v  Portage 
diver  report.  Average  crop  Loss  values  in  dollars  j**r  unit  .u  ea  for  each 
lane  -use  were  established.  Average  annual  potential  damage  values  fo.  ouch 
of  tire  selected  river  reaches  were  next  determined  b.  combining  values 
lepresented  by  the  stage-area  curve,  the  stage -discharge  curve,  the  dis- 
charge-frequency curve,  and  unit  prices.  The  results  were  analyzed  by 
individual  reach  and  then  summed. 

3 « 1ES . LTS . The  study's  findings  are  presented  in  Table  !l-ic,‘.  Damage 
values  based  on  three  different  frequency  relationships  were  developed. 

The  figures  found  under  column  "Corrected  to  Seasonal  frequency"  are  con- 
sidered most  appropriate  for  use,  but  the  values  do  not  differ  significantly. 


31.  INTERPRETATION  OF  RESULTS . This  study  clearly  illustiates  that  flood 
damages  to  agricultural  lands  located  along  the  main  stream  between  Che 
urban  damage  centers  do  occur  but  are  not  significant.  The  magnitude 
the  damage  is  small  compared  to  average  annual  cost  for  any  protection 
The  validity  of  these  results  is  further  reinforced  when  the  physical 
character  is  tics  along  the  river  are  considered.  In  general,  the  flood 
plain  is  narrow  in  width  and  j.s  seldom  flat.  Abrupt  changes  in  or  e e 
iron  the  river  are  common.  Floods  usually  occur  in  the  late  winter  or 
early  spring,  before  crops  are  planted;  the  flood  plain,  however,  i n 
especially  fertile  and  is  usually  not  cultivated.  There  are  few  iarm 
houses  or  other  rural  structures  in  the  flood  plain,  and  the  damages  ars 
so  small  in  dollar  value  and  varied  in  location  that  they  may  be  neglected 
in  initial  planning.  However,  they  should  not  be  overlooked  when  evaluating 
benefits  for  proposed  projects. 
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AGRICULTURAL  DAMAGES 


REACH 

Index  Point) 

RIVER  MILES 
(Study  Sector) 

AVERAGE 

ANNUAL  DAMAGES  IN 

DOLLARS 

Based  on 
annua  1 
frequency 

Corrected  to 
seasona 1 
frequency 

Corrected  to 

monthly 

frequency 

Grand  River 

Comstock  Park 

43. 0-53. A 

2,530 

1,670 

1 ,670 

Ada 

53.4-66  .0 

4,080 

2 ,690 

3,020 

Lowe  1 1 

66  .0-77  .9 

4,450 

2,940 

3,29  0 

Ionia 

77  .9-97  .8 

9 ,900 

6,530 

7,330 

Portland 

97  .8-127  .0 

1,250 

830 

920 

Grand  Ledge 

127  .0-146  .0 

160 

110 

120 

La  ns  ing 

146 .0-158.6 

110 

70 

SO 

Dimonda le 

158.6-171.4 

500 

330 

370 

Eaton  Rapids 

171.4-210 .0 

2,050 

1,350 

1,520 

Reach  Total 

43.0-21O .0 

25,030 

16,520 

18,520 

Red  Cedar  River  0.5  to  21.0 

1 ,460 

964 

1,080 

I 
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TABLE  H-21 

CRITERIA  USED  IN  1'RELIMINARY 
HYDROLOGIC  SCREENING  OF  FLOOD 
CONTROL  RES'.  <VOI RS 


1.  A reservoir  sice  had  to  control  at  least  75  square  miles  of  drainage 
area.  A minimum  of  about  a 6 per  cent  control  of  flood  flows  for  the  major 
upstream  damage  center  at  Lansing  would  be  realized  bv  restricting  tbe  area 
controlled  to  this  minimum. 

2.  Reservoir  sites  had  to  be  situated  upstream  of  damage  centers 
being  investigated. 

3.  It  was  assumed  that  the  full  reservoir  capacity  at  maximum  develop- 
ment size  would  be  utilized  for  flood  control  storage. 

4.  Two  different  storm  patterns  were  analyzed  in  determining  reservoir 
effects  on  flood  flows  at  the  various  damage  centers.  The  April  1947  storm 
was  selected  for  the  Upper  Grand  River  sub-basin,  and  the  March  1948  storm 
was  selected  for  the  Lower  Grand  River  sub-basin.  Rainfall  excess  amounts 
of  the  two  storms  for  the  various  subbasins  were  increased  by  two  inches  to 
provide  a range  of  flows  to  determine  the  modifying  effects  of  the  various 
reservoirs  schemes. 

5.  Those  9ites  determined  to  provide  beneficial  hydraulic  capabilities 
in  controlling  flood  flows  on  an  individual  basis  were  combined  and  their 
resulting  flood  control  effectiveness  determined.  Noting  that  Lansing  and 
East  Lansing  are  the  major  damage  centers  for  which  flood  control  protection 
is  to  Le  provided,  it  was  considered  applicable  to  issune  that  those  reser- 
voir schemes  upstream  ot  Lansing  which  had  the  most  potential  with  regard 

to  control l i flows  past  Lansing  and  East  Lansing  would  also  have  the  most 
influence  on  control  of  'lows  at  damage  centers  downstream  of  Lansi  g. 

A.  When  combina t i ons  of  reservoir  sites  were  investigated,  the  alloca- 
tion of  storage  to  the  iniivilual  sites  would  be  based  on  utilizing  that 
site  which  had  the  greater  economic  potential  to  its  best  advantage,  that 
is,  the  site  with  the  lowest  cost  per  acre-foot  of  storage  was  utilized 
to  its  ma-.imum  storage  capability. 

7.  Those  sites  ierermined  to  be  the  best  sites  upstream  of  Lansing 
were  -otnbi  ed  with  those  sites  which  were  considered  to  have  the  most 
potential  downstream  of  Lansing.  The  best  potential  reservoir  schemes 
located  upstream  of  Lansing  were  determined  by  the  effectiveness  of  con- 
trolling flood  flows  nt  East  Lansing  and  Lansing.  The  best  potential 
reservoir  schemes  located  downstream  of  Lansing  were  determined  bv  the 
effectiveness  of  controlling  flood  flows  at  Ionia,  Lowell  and  Grand 
Rapids . 

8.  With  adequate  river  stage  and  flood  forecasting  systems  ic  opera- 
tion, it  was  assumed  that  reservoir  holdouts  at  the  various  sites  could 
betiin  as  earlv  as  12  hours  prior  to  the  beginning  of  rainfall  excess. 

9.  Antecedent  conditions  are  considered  to  be  similar  to  those  which 
or  cur  re  ! urin-,  the  1904,  1947,  and  1948  floods,  that  is,  rather  high  base 
flows  coincidental  with  the  beginning  of  runoff  excess.  Reservoir  schemes 
would  not  reduce  river  discharges  below  the  base  flow  prevailing  prior  to 
the  April  1QA7  *]r*r*a  at  Fast  Lansing  an^  Lapsing,  nr  ^el^w  the  ^ase  '***’ 
prevailing  prior  to  the  March  1948  flood  at  Ionia,  Lowell  and  Grand  Rapids. 

10.  Variable  release  rates  were  used  for  each  site  and  each  flood  so 
ns  to  reduce  flnod  stages  to  a minimum  at  all  damage  centers  for  a given 
storage  capacitv. 

11.  Graphical  routings  through  reservoirs  and  stream  reaches  were 
used  in  determining  the  flood  control  effectiveness  of  preliminary  schemes 
for  Lansing,  East  Lansing,  Ionia,  Lowell,  and  Grand  Rapids. 
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SECTION  IV 


FLOOD  CONTROL  RESERVOIR  ST  MIES 


32.  GENERAL.  Reservoirs  we re  studied  lor  those  instances  '..here  this 

:;k  th  d of  flood  controL  seemed  .easonablc  from  the  standpoint  of  ru-ii.ial 
< r.d  hydrologic  potential.  The  large  number  of  potential  roservoi:  ites 

(7  ) located  within  the  Basin  required  the  development  of  a well-defined 
screening  technique.  The  screening  technique  develojxid  for  these  studies 
is  . cr  bed  in  the  following  paragraphs. 

a.  Review  of  screening  process.  S ing le -pur pose  fLood  control  re  ei - 
voirs  were  ruled  out  only  aftei  economic  and  physical  evaluations  of  each 
reservoir  site.  This  process  of  elimination  was  used:  first,  those 

reservoirs  obviously  poor  with  respect  to  size  and  location  were  eliminated; 
then,  the  remaining  sites  were  analyzed  within  their  immediate  sphere  of 
influence  using  hydraulic  and  economic  considerations;  and  finally,  the 
more  promising  sites  were  investigated  in  greater  detail.  Scale  of  develop- 
ment for  individual  dam  sites  was  checked  by  testing  the  hydraulic  and 
economic  characteristics  of  one  to  three  different  sizi  impoundments.  The 
effects  of  combinations  of  reservoirs  were  tested  and  evaluated  in  the 
same  manner  as  the  individual  sites. 

(1)  Most  of  the  flood  damage  reduction  estimates  and  many  of  the 
hydrologic  properties  were  calculated  on  a computer.  Techniques  used  en 
the  _omputer  were  comparable  to  manual  techniques  except  that  speed  of 
computation  was  increased.  This  increased  capacity  was  utilized  to  ohc^.. 
all  reasonable  plans. 

(2)  Table  H-20  illustrates  the  flood  reduction  benefits  in 
dollars  for  a range  of  flood  peak  reductions  at  the  five  majo.  damage  (index) 
cities.  These  five  cities  suffer  about  75  percent  of  the  average  annual 
damages  within  the  Basin.  Hence,  flood  control  storage  should  be  studied 
further  when  other  single-purpose  uses  (which  would  share  in  the  cost)  are 
known  and  a multi-purpose  project  reservoir  is  considered. 

33.  AVAILABLE  DATA.  Shortly  after  the  comprehensive  planning  study  was 
started  all  available  historical  and  technical  data  on  the  Basin  was 
gathered,  reviewed,  and  updated.  Additional  general  information  and  special 
studies  were  initiated  for  anticipated  needs.  Most  of  this  information 

was  presented  in  a working  paper,  the  "Grand  River  Basin  Data  Book".  The 
more  specialized  data  are  generally  available  in  working  files  and  specialized 
technical  publications.  Abundant  hydraulic  and  hydrologic  data  developed 
in  the  past  or  specifically  prepared  for  this  study  aided  materially  in 
the  reservoir  screening  process  . 

a.  A Corps  of  Engineers  inventory  of  79  reservoir  sites  contained  a 
tabulation  of  physical  parameters  for  each  site:  dam  site  location,  upstream 

drainage  area,  volume  of  impoundment  and  water  surface  area  for  specific 
elevations  of  impoundment , and,  where  possible,  a cost  estimate  for  various 
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heights  of  impoundment,  based  on  genera  d earth-filled  dam  design. 

A regionalized  flood  fr  quency  rel  . : ip  for  the  entir  Basin  !.  d b .-n 

developed  by  the  Corps  of  Engine  r..  ..nd  adopt’  d in  1962.  Thus  frequency 
relationships  were  available  it  all  major  urban  damage  centers  and  could 
be  prepared  for  i -y  ot  or  location  within  the  Basin.  Stage-damage  r.-l.tior.- 
ships  wer.  .vailable  for  all  major  flood  dnmagL  centers  previously  identified, 
hydraulic  data  were  also  availabl  , mcludi >g  stage-discharge  relations  ips 
at  these  damage  centers  and  results  of  extensive  flood  and  stream  routing 
studies.  As  the  reservoir  study  progressed,  this  initial  data  was  checked 
ad  improved,  and  updated  where  necessary. 

84.  METHODOLOGY.  Reservoirs  usable  as  flood  control  impoundments  were 
screened  in  the  following  sequence:  (1)  Rule  out  obviously  unsuited 

reservoir  sites,  (2)  Compute  the  flood  peak  reduction  potential  of  each 
remaining  reservoir  and  route  the  reduction  flow  effects  to  the  downstream 
damage  (index)  cities,  (J)  Translate  the  flow  reduction  at  each  index  city 

1 ito  a modified  Jisch  irg  ’- frequency  relationship,  (4)  Calculate  the  pot  en- 
tial benefits  of  each  reservoir  scheme  with  relationship  to  the  index  city, 

(5)  Compare  the  average  annual  benefit  for  each  reservoir  scheme  with  the 
average  annual  cost  necessary  to  provide  the  benefit,  (6)  Select  for  addi- 
tional study  those  reservoirs  with  the  better  benefit-cost  ratios,  (7) 

Initiate  more  detailed  technical  analysis  of  the  more  favorable  reservoir 
schemes,  (8)  Refine  the  selected  dams'  operational  and  structural  designs, 

(9)  Prepare  new  cost  estimates  for  each  reservoir  site,  (10)  Repeat  steps 

2 through  5 for  the  refined  plans,  and  (11)  Recommend  the  feasible  reser- 
voir schemes. 

a.  Three  screening  techniques  were  used  in  these  reservoir  studies 
to  ensure  that  no  significant  sites  or  combinations  of  sites  were  overlooked. 
The  three  techniques  gave  almost  identical  results.  The  first  technique 
included  ten  weighted  judgment  criteria.  A numerical  score  was  computed 
for  each  site  and  the  sites  were  ranked  by  their  score  from  highest  to 
1 owe  s t . 


b.  The  second  technique  was  for  an  engineer  experienced  in  flood 
control  investigations  to  make  a site-by-site  investigation.  He  recorded 
n is  comments  as  tie  proceeded,  weighing  each  known  fact.  He  thus  picked 

the  most  desirable  reservoir  from  eacn  group  of  alternative  sites  and  ruled 
out  sites  obviously  not  suited  for  flood  control  purposes.  The  selected 
sites  were  subjected  to  hydraulic  testing  and  economic  evaluation.  When  the 
results  of  the  computations  on  the  selected  sites  reflected  any  doubts  or. 
tne  reviewer's  judgment,  the  affected  sites  were  again  individually  tested. 

c.  In  the  third  technique  the  sites  were  screened,  using  solely 
hydrologic  effectiveness  in  reducing  flows  at  the  downstream  damage  centers. 
This  was  followed  by  an  economic  analysis  to  translate  the  physical  results 
obtained  at  damage  (index)  cities  into  benefits  expressed  in  dollars.  Tne 
criteria  used  in  tnis  metnod  of  approach  are  given  in  Table  H-21, 
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d.  Tne  physical  effects  on  the  Basin  due  to  any  modification  of  tr.e 
flood  flow  characteristic  was  evaluated  only  with  reference  to  cert,  in 
index  cities.  Stage-discnarge,  stage-damage,  and  discharge- frequency 
r lationsnips  were  prepared  for  these  index  points. 

c.  Initially,  pote  .tial  damage  at  the  index  points  is  evaluated  for 
existing  (preproject)  conditions.  The  same  locations  arc  evaluated  again, 
using  the  modified  conditions  of  the  proposed  project.  The  potential 
benefit  is  tne  decrease  in  damage  Detween  preproject  and  postproject  condi- 
tions. Normally,  a proposed  project  will  cause  only  one  of  tne  three  Dasic 
relationships  to  change — either  tne  discharge- frequency  relationship,  the 
stage-discnarge  relationship,  or  the  stage-damage  relationship.  A flood 
control  reservoirs's  ability  to  hold  back  or  to  reduce  tne  peak  flows  at 
a downstream  point  results  in  a modification  of  the  discnarge-frequency 
relationship.  In  the  screening  study  the  discharge-frequency  relationship 
was  considered  the  only  vari  Die  resulting  from  the  proposed  reservoirs. 

35.  RESERVOIR  SITES  CONSIDERED.  In  tne  early  stages  of  this  comprehensive 
study,  the  Corps  of  Engineers  tabulated  data  on  79  reservoir  sites  for  use 
Dy  the  participating  agencies.  The  sites  were  inventoried  witnout  regard 
to  use  or  final  purpose.  Tne  /y  sites  included  all  sites  identified  in 

prior  investigations  by  tne  Corps  of  Engineers  and  the  Michigan  Water  Resources 
Commission  and  those  identified  in  otner  available  published  data.  This 
original  listing  of  sites  was  supplemented  by  other  possible  sites  found 
Dy  inspection  of  topograpnic  maps.  Inspection  of  the  79  sites  (Plate  H-22) 
snowed  many  overlapping  impoundments,  since  there  was  no  attempt  to  pass 
judgment  on  the  comparative  worth  of  adjacent  sites  during  the  inventory 
stage  of  the  study.  Sites  were  included  if  they  appeared  reasonable  and 
were  capable  of  development  as  a reservoir  site. 

36.  HYDRAULIC  COMPUTATIONS.  The  hydraulic  considerations,  tests,  and 
results  are  summarized  below.  Essentially  they  consist  of  routing  three 
different  size  floods  to  tne  reservoirs,  impounding  tne  flow,  and  then  routing 
controlled  releases  downstream  past  the  urban  damage  centers  using  hold- 
out routing  techniques.  Tne  controlled  release  schedule  was  optimized 

to  provide  near  maximum  flood  control  storage  space  utilization.  The  results 
of  the  holdout  routings  were  then  used  to  develop  modified  discharge- fre- 
quency relationships  at  tne  affected  index  cities.  This  basic  procedure 
was  repeated  for  various  reservoir  groupings  and  for  various  storage  sizes 
in  each  grouping. 

a.  The  results  of  these  hydraulic  studies  are  oest  illustrated  by  the 

modified  discharge-frequency  relationship  at  the  five  index  cities  for  the 
reservoir  schemes  tested.  Table  H-22  is  a tabulation  of  the  relationships 
developed.  This  table  illustrates  the  scope  of  the  hydraulic  investigation; 
representative  examples  of  the  results  are  shown  in  Figures  H-ll  thru  H-20. 
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TABLE  H - 22 


SUMMARY  OF  MODIFIED  DISCHARGE  FREQUENCY  RELATIONSHIPS 


RESERVOIR  S1TE(S)  TESTED 

INDEX 

POINTS 

S i te 

East 

Gra  n< 

No(s) 

Site  Namc(s) 

La  ns  ing 

Luns ing 

Ionia  Lowell 

Re  pic 

* 

* 

* ic 

57 

Okemos 

1 

1 

MR 

MR 

MR 

58 

Williams  ton 

2 

2 

MR 

MR 

MR 

57  & 58 

Okemos  Sc  Williams  ton 

1 

1 

MR 

Mil 

MR 

5 

Mil  le  tt 

NA 

1 

MR 

MR 

MR 

b 

Dimondale 

NA 

1 

MR 

MR 

MR 

7 

Onondaga 

NA 

2 

MR 

MR 

MR 

8 

Rives  Junction 

NA 

2 

MR 

MR 

MR 

o2 

Tompkins  Center 

NA 

2 

MR 

MR 

MR 

63 

Portage 

NA 

2 

MR 

MR 

MR 

73 

Smithville 

NA 

1 

MR 

MR 

MR 

5 6c  6 

Millett  & Dimondale 

NA 

2 

MR 

MR 

MR 

5 :<  7 

Millett  £c  Onondaga 

NA 

2 

MR 

MR 

MR 

5 & 57 

Millett  & Okemos 

1 

1 

MR 

MR 

MR 

5 S 58 

Millett  & Williams  ton 

1 

i 

i 

MR 

MR 

MR 

5 & 62 

Millett  & Tompkins  Center 

NA 

1 

MR 

MR 

MR 

5 & 73 

Millett  6c  Smithville 

NA 

1 

MR 

MR 

MR 

6 & 57 

Dimondale  6c  Okemos 

1 

1 

MR 

MR 

MR 

6 6>  58 

Dimondale  Sc  Williamston 

1 

1 

MR 

MR 

MR 

6 6c  62 

Dimondale  6c  Tompkins  Center 

NA 

1 

MR 

MR 

MR 

b & 73 

Dimondale  t Smithville 

NA 

1 

MR 

MR 

MR 

7 U 57 

Onondaga  6c  Okemos 

1 

1 

MR 

MR 

MR 

7 & 58 

Onondaga  Sc  Williamston 

1 

1 

MR 

MR 

MR 

7 & 62 

Onondaga  Sc  Tompkins  Center 

NA 

1 

MR 

MR 

MR 

8 & 62 

Rives  Junction  6c  Tompkins  Center 

NA 

1 

MR 

MR 

MR 

57  & o2 

Okemos  6c  Tompkins  Center 

1 

1 

MR 

MR 

MR 

57  & 73 

Okemos  St  Smithville 

1 

1 

MR 

MR 

MR 

58  6c  62 

Williamston  St  Tompkins  Center 

1 

1 

MR 

MR 

MR 

58  5c  73 

Williamston  6c  Smithville 

1 

1 

MR 

MR 

MR 

6 2 i 73 

Tompkins  Center-  6 Smithville 

1 

1 

MR 

MR 

MR 

5,7  Sc  58 

Millett,  Onondaga,  & Williamston 

1 

1 

MR 

MR 

MR 

5 ,57,62 

Millett,  Okemos,  Sc  Tompkins  Centerl 

1 

MR 

MR 

MR 

5,58,62 

Millett,  Williamston  6c  Tompkins 

Center 

1 

1 

MR 

MR 

MR 

6,57,62 

Dimondale,  Okemos  6c  Tompkins  Ctr 

. 1 

1 

MR 

MR 

MR 

6 ,57,73 

Dimondale,  Okemos  6t  Smithville 

1 

1 

MR 

MR 

MR 

6 ,58,62 

Dimondale,  Williamston  6c 

Tompkins  Center 

i 

1 

MR 

MR 

MR 

MR  Minimal  Reduction 

NA  Not  Applicable  (Physically  not  possible) 


* Number  of  reservoir  schemes  (sizes)  tested  or  can  be  interpreted  from  test 
results  . 
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TABLE  H-22(Cont'd) 


S ite 

Eas  t 

Grand 

Not  s ) 

Site  Name(s) 

La  ns  ing 

Lan  ing 

L-nia 

Lowe  1 1 

Rapid 

X 

* 

* 

X 

0 , o 2 , 7 3 

Dimondale,  Tompkins  Center 

& Smithville 

NA 

1 

MR 

MR 

MR 

57  ,o2 ,73 

Okemos . Tompkins  Center  & 

Smithvi  1 le 

1 

1 

MR 

MR 

MR 

5S  ,02,73 

Williamston,  Tompkins  Center 

& Smithville 

1 

1 

MR 

MR 

MR 

Lyons 

NA 

NA 

3 

3 

3 

2 or  3 

Portland 

NA 

NA 

3 

3 

3 

4 

Danby 

NA 

NA 

3 

3 

3 

42 

Prairie  Creek 

NA 

NA 

2 

2 

2 

45 

Stoney  Creek 

NA 

NA 

3 

3 

3 

4b 

Muir 

NA 

NA 

3 

3 

3 

4 7 

Fish  Creek 

NA 

NA 

3 

3 

3 

47a 

F Lsh  Creek 

NA 

NA 

3 

3 

3 

-tb 

Pine  Creek 

NA 

NA 

2 

2 

2 

49 

E Is  ie 

NA 

NA 

3 

3 

3 

51  or  52 

Portland  ( Lookingglass ) 

NA 

NA 

3 

3 

3 

53 

Wacous  ta 

NA 

NA 

2 

2 

2 

54 

La insburg 

NA 

NA 

2 

2 

2 

2 ■£  4o 

Portland  & Muir 

NA 

NA 

1 

1 

1 

38 

Lower  Flat 

NA 

NA 

NA 

3 

3 

50 

Dicke  rson 

NA 

NA 

NA 

3 

3 

7 b 

Amsden 

NA 

NA 

NA 

3 

3 

19 

Rockford 

NA 

NA 

NA 

NA 

2 

20 

Childsdale 

NA 

NA 

NA 

NA 

1 

22 

Le barge 

NA 

NA 

NA 

NA 

3 

23 

Lower  Coldwater 

NA 

NA 

NA 

NA 

2 

2b 

Freeport 

NA 

NA 

NA 

NA 

2 

2o 

Irving 

NA 

NA 

NA 

NA 

1 

36  or  3ob 

Vermontville 

NA 

NA 

NA 

NA 

3 

36a 

Ve rmontvil le 

NA 

NA 

NA 

NA 

3 

o 5 

Alaska 

NA 

NA 

NA 

NA 

1 

2 £ 22 

Portland  & Lebarge 

NA 

NA 

NA 

NA 

1 

22  S 46 

Lebarge  & Muir 

NA 

NA 

NA 

NA 

1 

2,22  ^ 4o 

Portland,  Lebarge  & Muir 

NA 

NA 

NA 

NA 

1 

M.l  Minimal  Reduction 

NA  Not  Applicable  (Physically  not  possible) 

* Number  of  reservoir  schemes  (sizes)  tested  or  can  be  interpreted  from  test 
resul ts  . 


H-84 


r 


37.  L'AMAGE  COMPUTATION'S . The  a;  , . a r computing  averagi  annual 

damages  at  each  of  the  index  ci' 1<  was  the  sar-  : ■ all  types  of  flood 
control  modifications  proposed.  The  avet  . e annual  damages  were  or.putea 
by  integrating  the  ordinates  of  the  curve  defining  the  damage -frequency 
relationship.  The  damage -f requency  relationship  is  developed  by  combining 
the  discharge -frequency,  s tage -discharge  and  stage-damage  relationships. 

a.  The  integration  computation  is  usually  accomplished  by  measuring 
the  area  under  the  curve  with  a planimeter.  The  preventable  damage  . esulting 
from  any  improvement  in  the  difference  between  the  average  annual  damage 
value  with  and  without  the  considered  improvement. 

b.  A computer  ,rogram  was  developed  to  make  the  average  annual 
damage  calculation.  The  program  uses  the  same  technique  as  the  manual 
approach  except  that  an  analytical  instead  of  a graphic  integration  of 
damage -frequency  ordinates  is  used.  Comparable  results  are  obtained  by 
computer  and  manual  methods. 

c.  Preliminary  damage  estimates  were  made  prior  to  damage  studies 
for  each  city  where  detailed  flood  control  studies  were  made.  Preliminary 
studies  provide  damage  information  as  to  the  magnitude  and  severity  of 
flood  problems.  The  intent  of  these  preliminary  damage  estimates  was  to 
compare  the  alternative  plans  of  flood  control  protection  and  the  order 

of  magnitude  of  the  potential  benefits.  Hence,  damage  values  given  in 
the  various  reservoir  plans  of  protection  should  not  be  compared  with 
updated  damage  estimates  made  foi  those-  locations  where  detailed  flood 
control  studies  were  performed. 

3c.  RESERVOIR  SITES  STUDIED.  Review  of  hydrologic  studies  and  damage 
patterns  illustrated  that  for  initial  reservoir  screening  studies  the 
Basin  could  be  divided  into  Toper  and  Lower  sub -basins,  separated  by  a 
line  juit  downstream  of  Lansing.  Subsequent  studies  illustrated  that 
there  was  little  need  to  test  for  effect  outside  the  pertinent  sub- 
basin; however,  the  more  promising  schemes  were  tested  for  their  effect 
in  both  sub-basins. 


Rese 

rvoirs 

stream  of  Lansing.  Seventeen 

of  the 

79  pote 

ntia  1 

sites  are 

located  in  the 

Upper  Basin  (See 

plate  H 

-22). 

The 

; eight  sites 

were 

fur  ther 

ana lyzed : 

(1) 

S ite 

No. 

7, 

Onondaga 

(2) 

S ite 

No. 

8, 

Rives  Junction 

(3) 

S ite 

No . 

62, 

Tompkins 

Center 

(4) 

Site 

No . 

o3 , 

Portage 

( 3) 

Site 

No . 

5, 

M i 1 le  1 1 
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U>)  Site  No.  73,  Smithville 


17) 

S i te  Nn  . 

57, 

Okemos 

(») 

Site  No. 

58, 

Williams  ton 

(1)  The  effects  of  floods  approximately  equal  to  the  1947  floor  , 
one-half  this  flood,  ard  twice  the  1347  flood  were  touted  through  the 
reservoir  units  under  cons ideration . Various  sizes  of  reservoir  as  we 1 1 

as  combinations  of  reservoirs  were  tested  in  this  manner.  The  test  results 
were  translated  into  potential  damage  reduction  for  the  East  Lansing 
and  Lansing  damage  centers.  The  combined  damage  reduction  of  Lansing  ana 
East  Lansing  were  compared  to  the  reservoir  cost  estimated  in  the  initial 
site  inventory.  Table  H-23  shows  the  residual  damages,  the  potential  bene- 
fits on  an  average  annual  basis,  an  estimate  of  first  cost,  of  annual  ^ost, 
and  of  annual  operation  and  maintenance  cost  and  the  resulting  benefit-cost 
ratio,  for  each  scheme  that  was  evaluated. 

(2)  Analysis  of  the  tabulated  results  shows  that  only  reser- 
voir sites  on  the  tied  Cedar  River  have  any  potential  for  single-purpose 
flood  control  reservoirs.  The  biggest  increment  of  potential  damage  star^ 
at  East  Lansing  and  continues  along  the  Red  Cedar  river;  therefore,  Grand 
.river  reservoirs  can  contribute  little,  if  anything  toward  protecting  this 
reach.  No  Grand  River  reservoir  site  could  derive  enough  potential  bene- 
fits to  offset  the  estimated  construction  cost  to  develop  the  site. 

b.  Reservoir  sites  downstream  of  Lansing.  Sixty-two  of  the  73  reser- 
voir sites  considered  are  located  downstream  of  Lansing.  Eight  of  the  t2 
sites  are  located  downstream  of  Grand  A.ipids  and  are  considered  not  to 
have  a flood  prevention  potential.  Between  Lansing  and  Grand  Rapids  54 
sites  remained;  of  which  2b  were  judged  unsuitable  either  because  they 
control  too  small  a drainage  area  or  because  their  storage  capacity 
is  too  small  to  control  their  drainage  area  effectively.  Twenty-eight 
sites  required  further  consideration  in  determining  their  effectiveness 
( WRC  denotes  selection  by  the  Water  Resources  Commission): 

(1)  Site  No.  1,  Lyons  on  Grand  River 

(2)  Site  No.  2,  Portland  on  Grand  River 

(3)  Site  No.  3,  Portland  on  Grand  River  (WRC) 

(4)  Site  No.  4,  Danby  on  Grand  River 

(5)  Site  No.  51,  Portland  on  Lookingglass  River  (WRC) 

(6)  Site  No.  52,  Portland  on  Lookingglass  River 

(7)  Site  No.  53,  Wacousta  on  LookinggLass  River 

(8)  Site  No.  54,  Laingsburg  on  Lookingglass  River 
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UNCLASSIFIED 


OR A NO  RIVER  BASIN  COORDINATING  COMMITTEE  DETROIT  MI  F/«  8/6 

ORANO  RIVER  BASIN  MICHIGAN,  COMPREHENSIVE  WATER  RESOURCES  STUOY—ETC <U> 
MAY  70 

NL 


1 


(9) 

S i U; 

No. 

45. 

Stony  Cieek  on  MapLe  llivei 

(10) 

S i te 

No. 

/. 

H ' , 

Muir  on  Maple  River 

(ID 

S i te 

No  . 

4 / , 

Fi-,h  Creel  on  Maple  Rive. 

(12) 

Site 

No. 

4 /A  . Fish  Creek  on  Maple  .’.ivcr 

( 13) 

S ite 

No  . 

48 , 

Pine  on  Maple  liver 

( 14) 

S ite 

No. 

4 v , 

Elsie  on  Maple  River 

(15) 

Site 

No. 

42  . 

Prairie  Creei  on  Prairie  Cre 

( 10) 

S ite 

No . 

Jo, 

Flat  on  Fiat  liver 

(17) 

S ite 

No. 

50, 

Dickerson  on  Flat  River 

( 18) 

S i te 

No. 

76  . 

Amsden  on  i' la  t ii  • 

( 19) 

Site 

No. 

22, 

La  barge  on  Thorna pple  : ivei 

. 20) 

S ite 

No  . 

23, 

Lower  Coluvatei  on  thorna pp  1 

(21) 

S ite 

No . 

) 

Free,  ort  on  i ho.  nap,  te  .liver 

( 22) 

Site 

\ , 

2d  . 

Irving  on  Tliornapple  River 

( 23) 

S i te 

No. 

3o  . 

Vcrmontville  (NRC)  on  Thorna 

(24) 

S ite 

No. 

3oA 

Vermontviile  (CE)  on  Thorna 

(25) 

S i te 

No . 

3»I>, 

Vermontviik  on  Thorna pplc 

(2o) 

S ite 

No . 

J>  y 

Alaska  -t.  Thorr.applc  liver 

(27) 

Site 

.V  . 

i 0 

Rockford  on  Rogue  River 

(28) 

S ite 

20, 

Child  dale  on  G>bue  River 

(1)  Ionia,  Lowell  and  Grand  Rapids  were  selected 
damage  cities  for  the  lower  Grand  River  sub-basin.  These 
suffer  approximately  74  percent  of  the  estimated  total  ave 
damages  in  the  lower  Grand  River  sub-basin.  The  sites  wer 
hydraulic  effectiveness  by  routing  the  1948  flood  and  twic 
flood  through  the  reservoirs  and  calculating  effects  at  th 
cities.  Modified  discharge- frequency  relationships  were  d 
the  routings.  In  a few  cases,  closely  related  reservoirs 
common  curve;  for  example,  the  two  alternate  reservoir  sit 
on  the  Grand  River.  A computer  program  was  then  used  to  e 
benefit  potential  in  the  manner  described  earlier.  The  re 
sented  in  Table  H-24. 


H-87 


TABU  H-23 

SlWtAKY  OF  ANALYTICAL  SCREENING  OF 
RESERVOIRS  L'l  STREAM  OF  LANSING 
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(2)  Inspection  of  the  tabulated  results  shows  that  there  is  no 
s ingle -purpose  flood  control  reservoir  having  any  economic  consequence  in 
the  lower  Grand  River  sub-basin.  Several  of  the  sites  show  good  potential 
for  flood  control  pools  in  a multi-purpose  reservoir  development.  The 
s ingle -pur pose  reservoir  studies  in  the  lower  basin  were  terminated  after 
development  and  review  of  the  data  tabulated  in  Table  H-24. 

3y  . SECONDARY  ANALYSIS  OF  RED  CEDAR  RIVER  RESERVOIRS.  The  preliminary 
studies  indicated  that  damage  along  the  Red  Cedar  River  of  East  Lansing 
is  high  and  either  one  of  the  two  reservoir  sites  on  the  river  might 
protect  the  area.  The  type  and  extent  of  damages  were  studied  to  understand 
better  the  degree  and  kind  of  protection  required. 

a.  The  vulnerable  area  extends  from  the  junction  of  the  Red  Cedar 
River  and  Grand  River  for  6.5  miles  upstream  to  the  Michigan  State  Univer- 
sity campus  in  East  Lansing.  The  flood  plain  is  encroached  upon  within 

the  entire  reach,  although  the  flood  problem  has  not  been  totally  disregarded 
by  the  local  people.  The  lower  portions  of  the  flood  plain  have  been  left 
vacant  or  occupied  by  floodproof  structures.  The  area  will  not  suffer 
great  damage  until  a flood  flow  in  excess  of  4,000  cfs  occurs.  For  com- 
parison, the  1947  flood  had  a flow  of  5920  cfs.  To  be  economically  justi- 
fied, any  plan  must  include  protection  against  the  high  but  less  frequent 
floods. 

b.  The  same  basic  design  floods  were  analyzed  in  this  design  as  in 
the  earlier  preliminary  studies.  However,  a more  precise  reservoir  regu- 
lation system  was  utilized.  A computer  program  titled  "Spillway  rating 
and  flood  routing",  which  optimizes  the  use  of  the  flood  control  pool, 
was  used.  This  program  has  several  considerations  built  into  it  which 

it  must  check  before  computing  the  release  for  each  period.  It  considers 
downstream  channel  capacities  and  unused  flood  control  storage,  projects 
future  short-term  inflows,  and  incorporates  all  current  Corps  of  Engineers 
cr iter ia  . 

c.  Okemos  reservoir  site.  The  preliminary  studies  indicated  tiiat 
the  Okemos  reservoir  site  had  a favorable  benefit-cost  ratio.  As  the 

most  promising  site,  detailed  hydraulic  and  hydrologic  studies  were  conducted 
for  it.  These  studies  revealed  that  the  site  was  not  capable  of  successfully 
performing  hydraulically  through  a full  range  of  possible  flood  flows. 

(1)  The  site  is  ideally  located  for  flood  control,  but  its  topo- 
graphic limitations  handicap  its  effectiveness.  The  site  has  a limited 
storage  capacity  of  only  23,800  acre  feet.  While  this  volume  is  very 
effective  in  controlling  smaller  floods,  it  is  not  adequate  to  control  the 
larger  floods.  Secondly,  the  dam  structure  itself  would  have  a negligible 
effect  on  flows  if  the  spillway  design  flood  (maximum  probable  flood)  of 
26,000  cfs  occurred.  Hence,  minimum  Corps  of  Engineers  design  criteria 
could  not  be  met. 
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(2)  The  Okemo:;  site  was  dropped  from  further  consideration  as 
a single-purpose  flood  control  reservoir  du  ' to  its  physical  shortcomings. 

d.  Williamston  reservoir  site.  The  WiJliamstor.  reservoir  was  analyzed 
in  detail  for  the  new  conditions.  Three  sites  of  impoundment  were  investi- 
gated: the  45,000  acre-i'.et  maximum  pool  and  lesser  pools  of  .15,000  acre- 

feet  and  27,500  acre-feet  of  storage.  Three  different  dam-spillway  configura- 
tions were  also  studied.  All  spillway  configurations  were  designed  to  pass 
the  maximum  probable  flood  of  ^>,000  cfs. 

(1)  Current,  t n ographic  data  indicat  that  the  35,000  acre-feet 
flood  control  pool  reservoir  at  elevation  oSi  fee  yields  the  maximum  flouj 
reduction  potential  for  the  site.  Development  .t  ehis  elevation 
requires  11,000  aci  -s  'stimated  at  $4,200,000,  $2,000,000  of  major  highway 
relocation,  and  $50>; , c >0  of  railroad  modif ication.  The  total  cost  for 

the  structure,  landc , and  necessary  relocations  is  $10,000,000.  If  the 
cost  is  amortized  over  50  years  at  4-5/b  percent  interest  and  an  annual 
operation  and  maintrnanc  charge  of  $47,000,  than  the  annual  cost  for  the 
reservoir  would  be  $56'’, 000.  The  dollar  value  for  the  flood  reduction 
is  estimated  at  $261,209  per  annum. 

(2)  The.  banef it-cost  ratio  for  th.s  plan  is  0.46;  therefore 
the  Williamston  reservoir  site  cannot  be  justified  as  a single-purpose 
flood  control  reservoir. 

40.  CONCLUSIONS  ON  FLOOD  CONTROL  RESERVOIR  S TOPICS . The  flood  control 
reservoir  studies  point  out  three  significant  factors: 

a.  Reservoirs  built  to  meet  single-purpose  flood  control  needs  are 
not  economically  feasible  in  the  Grand  River  basin. 

b.  The  physical  capability  of  controlling  floods  by  use  of  reser- 
voirs has  been  demonstrated  to  be  hydrologically  and  hydraulically  feasible 
within  the  Basin. 

c.  Significant  flood  damage  benefits  do  exist  at  several  select 
reservoir  sites. 
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SECTION  V 


FLOOD  DAMAGE  IN  UPSTREAM  WATERSHED  AREAS 


41.  GENERAL.  This  section  summarizes  upstream  watershed  flood  control 
studies  made  by  the  Department  of  Agriculture's  Soil  Conservation  Service. 
For  ease  of  evaluation  and  study  the  Basin  was  divided  into  eleven  hydro- 
logic  sub-basins  (See  Appendix  "M"  - Agriculture,  Plate  1).  These  sub- 
basins were  further  divided  into  study  units.  Reconnaissance  and  investi- 
gations were  made  of  these  study  areas  to  determine  the  extent  of  flood 
damage.  Where  significant  damages  occurred  in  a specific  upstream  water- 
shed, further  studies  were  made.  All  watersheds  investigated  were  under 
250,000  acres  in  size. 

42.  AVAILABLE  DATA  UTILISED.  Reports,  records , and  data  from  Federal, 
State,  local, and  private  agencies  were  used,  including  stream  gage 
records,  soils  data,  aerial  photos,  land  use  data,  water  supply  and 
storage  data,  general  geological  information,  and  economic  base 
information.  Survey  profiles  and  cross  sections  from  Survey  Reports  on 
Major  and  Local  Drainage  for  the  Portage  River,  the  Maple  River,  and 
Stony  Creek,  published  by  the  Soil  Conservation  Service  from  1958  to 
1963,  were  extensively  used.  An  Interim  Survey  Report  on  Major  Drainage 
and  Flood  Control,  published  in  1959  by  the  U.  S.  Army  Corps  of 
Engineers,  was  also  utilized.  Field  investigations  cf  all  projects 

ware  made  by  the  Basin  Planning  Party,  Soil  Conservation  Service.  United 
States  Geological  Survey  stream  gage  data  ware  used  to  develop  a drainage 
area-discharge  relationship  for  each  study  area.  The  drainage  area- 
discharge  relationships  were  then  related  to  estimated  channel  capacities 
to  determine  frequency  of  flooding. 

43.  METHODOLOGY.  Flood  damages  were  computed  for  the  main  stem  and 
major  tributaries  of  the  various  reaches  studied.  These  damages  were 
based  upon  estimates  of  average  annual  cropland  acres  flooded 

and  the  application  of  damage  values  developed  from  similar  watersheds 
under  the  PL-566  program.  Adjustments  and  updating  of  these  damage 
values  were  made  to  reflect  projected  crop  yields  and  adjusted  normalized 
prices,  as  outlined  in  'Interim  Price  Standards  for  Planning  and  Evalua- 
ting Water  and  Related  Land  Resources",  approved  by  the  Interdepartmental 
Staff  Committee,  Water  Resources  Council,  dated  April  20,  1965.  Channel 
lengths  were  determined  from  aerial  photos.  Extent  of  required  channel 
excavation  was  determined  by  field  examination  of  existing  channels 
and  by  hydraulic  calculation  using  grades  rrom  topographic  maps.  Instal- 
lation costs  were  based  on  existing  watershed  projects.  Cost  estimates 
for  operations  and  maintenance  were  based  on  experience  gained  in  PL-566 
work.  Estimates  of  "other"  and  "non-agr icultural"  damages  were  made. 

If  warranted,  further  detailed  evaluations  were  made. 
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■*  * . ITS  I’lth  AM  AH  FLOOD  J UlulhS 

a.  Present  condition:  . Studios  indicat  ■ that  flonlwater  damages  of 
major  significance  occur  in  onLy  tliroe  upstream  area  watersheds.  They 

are  the  Portage  River,  tit1  Maple  liver,  and  Stony  ire  ■!  . The  averag  ■ annual 
iloodwater  damages  in  th  e',  three  upland  arias,  under  "without  project" 
conditions,  are  estimated  to  be  :3.vl,bl9  (See  Tall  ; H-25).  FLoodwaier 
damages  to  crop  and  pasture  atnoiiiit  to  $359,  339  or  92  percent  or  the  total. 
This  damage  occurs  on  lo,500  acres  of  flood  plain  land.  Flood  have 
been  experienced  in  all  oi  th-  months  ot:  the  growing  s.n......  Floods 

Lrequently  occur  at  th  ■ Lime  of  spring  breakup  and  fore  > d.'lay  in  tillage 
operations,  resulting  in  the  delayed  planting  of  crop:,  normal  to  the 
general  area.  Planting  of  crops  is  often  delayed  several  weeks,  and 
when  flooding  occurs  after  planting  it  is  necessary  ti  r -peat  the  entire 
operation  which  results  in  uneven  stands,  incr  :ased  cost  of  production, 
and  reduced  yields.  Thus,  rioodwater  damn;  :s  reduce,  or  sometimes 
ntirely  eliminate,  ti.e  farm  income  from  the  ootlomlar.ds  which  tends  to 
press  the  local  agricultural  economy.  Damages  to  other  agricultural 
report/,  sucii  as  ..:rm  roads,  fences,  stor'd  grains,  and  farm  buildings, 
..mount  to  $13,do5  annually.  Damages  to  non-agricultural  facilities, 
such  as  public  roads,  road  ditches,  bridges,  culverts,  and  transportation 
facilities,  amount  to  315,595  annually. 

b.  Project  condlti.  ns  191.0.  Futur  • average  annual  flnodwater 
Jamapes  "with  projects  nave  been  calculated  to  be  $5C,Ob2.  rt  is  con- 
templated that  thes  • projects  will  be  in  op '.ration  within  i h<  n ;::t  10 
to  15  years  and  will  provide  a reduction  in  pr  :s  *.nt  'rioodwater  dm. .ages 
of  e 7 percent. 

a 5 . SUMMARY  OF  OTH  1,1  UPSTRFAH  WATllP.SU  '.D  ..il.h.S  PITH  P0T-.hTI.Ah  Fid,  D ■ V.'.LOPnjNT 

Lb  10-15  YC.f.lJ. 

a.  There  are  14  watershed  areas  that  hue.  a potential  for  develop- 
ment, including  the  three  watersheds  previously  discussed.  In  these 
watersheds  there  is  a two-iold  problem  of  rioodwater  damages  and  associated 
inadequate  drainage.  Due  to  the  flat  toporaphy  or  the  flood  plain, 
conventional  stage-disciiar,  . evaluation  proc  \iur.  s to  dot  j rune  flood- 
water  damages  were  not  applicable.  Tner.  for1,  a net  income  method  o. 
evaluation  was  used.  This  method  separates  efficiency -type  benefits, 

such  as  reduced  costs  o.  production  and  improved  crop  quality,  from 
j ene fits  due  to  increase  production. 

b , Joint  flood  prevention  and  drainage  benefits  accrue  on  cropland 

as  a result  or  project  measures  which  alleviate  problems  caused  by  flood- 
water  and  impaired  drainage.  Such  benefits  are:  (1)  reduced  cost  due 

to  increased  efficiency  of  productive  inputs  and  reduced  tillage  opera- 
tion; (2)  improved  quality  benefits  duo  to  hi. her  prices  which  reflect 
reduced  dockage  for  crops  that  ar:  undamaged  b_  excess  water;  and  (3) 
increased  production  b limits  due  to  increases  in  crop  /ields.  .inch  or  tn'se 
joint  benefits  has  h ■ n credited  equal  l to  flood  prevention  and  drainage. 
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c.  Table  H-26  and  H-27  provide  physical  and  economic  data,  and 
the  location  of  the  watersheds  in  the  basin  can  be  found  in  Appendix 
M - "Agriculture",  Plate  3.  For  more  detailed  information  see  the 
Watershed  Investigation  Report  for  each  of  the  specific  watersheds, 
attached  to  Appendix  M. 
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TABLE  11-25  - AVERAGE  ANNUAL  FLOODWATER  DAMAGES  FOR  SELECTED  UPSTREAM  AREAS 
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5/  Includes  $207,700  for  local  secondary  benefl*. 


SECTION  Vi 


STREAM FLOW  FORECASTING  IN  THE  GRAND  RIVER  BASIN 


46.  GENERAL.  Future  plans  o£  basin  development  .should  consider  the  role 
of  the  rivei  and  fLood  forecast  service  as  a means  of  flood  control  through 
reduction  in  property  damage  and  loss  oi  life  from  floods  made  possible 

by  advance  warnings.  Also,  extension  of  the  river  forecast  services  to 
cover  daily  and  long-range  forecasts  of  streamflow  for  water  supply,  pollu- 
tion abatement,  recreation,  and  other  water  resources  requirement1  should 
be  considered. 

4 7 . FLOOD  FORECASTING  AS  A MEANS  OF  FLOOD  PROTECTION . Timely  anc  accurate 
predictions  of  impending  floods,  when  used  in  connection  with  an  established 
flood  plain  management  plan,  provide  substantial  reductions  in  the  loss 

of  life  and  property.  This  method  is  especially  effective  in  areas  where 
the  benefit-cost  ratio  does  not  justify  a public  investment  in  flood  control 
structures.  It  is  also  effective  where  only  partial  protection  is  provided 
and  it  is  necessary  to  make  decisions  as  to  emergency  measures  to  be  taken 
or  evacuation  ordered.  In  fact,  there  may  be  numerous  cases  where  a rela- 
tively low-cost  flood  forecasting  and  warning  service,  when  coupled  with 
local  plans  for  occasional  evacuation  and  protection  measures,  will  be  more 
acceptable  to  the  community  than  little-used  flood  control  structures 
which  are  expensive  to  operate  and  maintain. 

48.  DAILY  FORECASTS  FOR  RESERVOIR  OPERATIONS.  Most  storage  reservoirs 
are  constructed  to  serve  multiple-purpose  objectives  and  require  complex 
management  to  attain  efficient  operation.  Without  forecasting,  there  must 
be  an  inflexible  assignment  of  reservoir  capacity  to  specified  uses  such 
as  flood  controL,  conservation,  power  generation,  and  low-flow  stabiliza- 
tion. With  effective  flow  forecasting,  the  use  of  reservoir  capacity  can 
be  made  more  flexible  and  thus  become  truly  multiple -purpose . Streamflow 
is  a function  of  precipitation  and  it  follows  that  any  outlook  can  be 
extended  and  improved  by  application  of  available  weather  forecasts.  As 
an  example,  flood  storage  in  a reservoir  may  be  safely  evacuated  if  there 
is  a reasonable  indication  that  these  releases  will  not  coincide  with  down- 
stream runoff  from  excessive  rains.  Likewise,  flood  storage  may  be  retained 
in  reservoirs  for  use  when  needed  if  there  can  be  assurance  that  warning 
will  come  far  enough  in  advance  to  permit  evacuation  to  a safe  level  before 
serious  increases  in  inflow  are  experienced. 

49.  FLASH  FLOOD  WARNINGS.  Flash  floods  resulting  from  high- intensity 
short-duration  rainfall  account  for  most  of  the  loss  of  life  and  consider- 
able loss  to  movable  property.  The  warning  time  for  communities  subject 

to  this  type  of  flood  is  very  short.  It  is  feasible  to  establish  reporting 
networks  around  these  communities  and  train  local  representatives  in  the 
use  of  forecast  procedures  to  be  applied  to  the  reports.  Technical  develop- 
ments in  radar  and  its  application  to  the  immediate  detection  of  areas  of 
heavy  rainfall  have  been  sensational.  Radar  operators  can  call  local  repre- 
sentatives immediately  upon  detection  of  areas  of  possible  excessive 
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precipitation  and  alert  them  to  possible  flooding.  These  measures,  when 
used  in  connection  with  a well-organized  plan  i’oi  evacuation,  can  substan- 
tially reduce  loss  of  life  and  damage  to  movable  property. 

50.  WEATHER  BUREAU  PROGRAM 

a.  The  ESSA  Weather  Bureau  provides  a public  river  and  flood  forecast 
and  warning  service  for  the  Grand  River  Basin  through  its  offices  at  Lansing 
and  Grand  Rapids.  The  Lansing  Office  issues  the  forecasts  for  points  at 
and  above  Grand  Ledge,  including  the  following  river  gaging  points: 

Grand  River  at  Grand  Ledge,  Lansing,  Dimondalc,  and  Eaton  Rapid' 

Red  Cedar  River  at  East  Lansing  and  Williamston 

The  Grand  Rapids  Office  issues  the  rorecasts  for  the  following  points  in 
the  lower  Basin: 

Grand  River  at  Portland,  Ionia,  Lowell,  and  Grand  Rapid: 

For  forecast  purposes,  these  offices  maintain  a reporting  m tv.  i, 
twenty  river  and  rainfall  stations  which  report  by  telephone  every  i>: 
hours  whenever  established  rainfall,  snowmelt,  or  river  stage  : a 

are  met.  The  Bureau  cooperates  with  the  U.  S.  Geological  Survey  i 1 t 
mutual  use  of  river  gaging  facilities  needed  in  the  forecasting  civie  . 
Daily  gage  heights  for  two  river  gaging  stations,  Lansing  and  Grand 
are  published  annually  by  the  Weather  Bureau 

b.  The  Grand  Basin  is  well  within  the  effective  opt.ating  ran>  ^ 
modern  Weather  Surveillance  Radar  (WSR-57)  at  Chicago  anu  /<.tt  ; t . 
addition,  supplemental  equipment  (WSR-3)  is  operated  at  Flint  am;  M . . n. 
Michigan,  and  Ft.  Wayne,  Indiana. 

c.  The  basic  data  collection  program  includes  a ne tv  r . of  a:  ut 
thirty-five  hydrologic  and  climatological  substations  in  the  Grand  iivor 
Basin  recording  precipitation,  temperature,  and  other  data.  Thcs^  data 
are  available  on  punch  cards  and  are  published  in  Climatological  lata 
and  Hourly  Precipitation  Data  bulletins  for  Michigan. 

d.  A State  weather  forecasting  center  is  maintained  at  Detroit.  In 
addition  to  daily  State-wide  public  weather  forecasts,  other  special  fore- 
cast services,  including  quantitative  precipitation  forecasts,  severe  weathc 
viarning,  and  other  climatological  weather  services  for  the  Grand  River 
Basin,  are  rendered  by  the  local  Weather  Bureau  Offices. 
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SECTION  VII 


FLOOD  PLAIN  INFORMATION  ST'JDIES 


5 1 . GENERAL 


a.  Flood  plains.  A flood  plain  is  the  relatively  flat  area  ox 
lowlands  adjoining  a river,  stream,  or  water  course  which  has  been  or 
may  be  covered  by  flood  water.  Cross-sectional  areas  of  the  Grand  .liver 
and  its  major  tributaries  are  generally  wide  with  only  a few  feet  of 
water  flowing  in  the  flat-bottomed  channels  during  normal  flow.  Most 

of  the  stream  banks  retain  the  average  annual  peak  flow.  From  Grand  Haven 
to  Grand  Rapids,  the  water  rises  from  12  to  18  feet  above  low  water  in 
flood  stage.  During  floods  the  river  valley  below  Grand  Rapids  is  i iooded 
to  a width  of  1000  to  4000  feet.  Between  Grand  Rapids  and  Ionia  the 
flood  level  for  extreme  floods  is  approximately  20  feet  above  low  water. 

From  Ionia  to  Lansing  the  flood  level  is  as  much  as  15  feet  above  1 ow 
water.  Flood  plains  there  vary  from  500  to  2u00  feet  wide.  From  Lansing 
to  Jackson  the  river  rises  as  much  as  10  feet  in  flood  stage  but  the  flood- 
ed area  is  not  extensive.  And  above  Jackson  practically  no  troubles  arise 
from  floods,  which  are  partially  controlled  by  the  operation  of  the  Jack  - 
son  and  Michigan  Center  dams.  The  tributaries  of  the  Grand  River,  excepting 
the  Maple  River,  have  relatively  steep  slopes,  from  3 to  11  feet  per  mile. 
They  do  not  cause  serious  flood  damage  except  for  the  lower  few  miles  which 
are  flooded  by  backwater  from  the  main  stream.  Flood  stages  are  generally 
5 to  10  feet  above  low  water.  The  Maple  River  has  an  average  fall  of  1.6 
feet  per  mile  and  flows  through  flat  summit  swamps  between  Lakes  Huron 
and  Michigan. 

b.  Flood  plain  regulation.  The  need  for  regulation  of  flood  plain 
use  has  been  recognized  for  some  time.  The  first  agency  to  compile  data 
and  to  supply  advice  concerning  flood  plains  was  the  Tennessee  Valley 
Authority  in  1952.  The  U.  S.  Geological  Survey  has  since  adopted  this 
approach.  Congress  authorized  the  Corps  of  Engineers  to  provide  a 
similar  service  by  the  Flood  Control  Act  of  1960.  A condition  of  this 
authorization  is  "That  the  necessary  surveys  and  studies  will  be  made 
and  such  information  and  advice  will  be  provided  for  specific  localities 
only  upon  the  request  of  a State  or  a responsible  local  governmental 
agency  and  upon  approval  by  the  Chief  of  Engineers." 

c.  Purpose . The  purpose  of  a flood  plain  information  study  is  to 
provide  technical  guidance  and  advice  to  give  a factual  basis  for  use 
by  State  and  local  governments  in  planning  and  regulating  flood  plains. 

The  objectives  of  a study  are: 

(1)  The  compilation  and  presentation  of  all  pertinent  informa- 
tion on  past  floods  and  on  potential  flood  hazards.  This  includes  identi- 
fication of  areas  subject  to  inundation  uy  floods  of  various  frequencies. 
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(2)  The  encoura:  ement  of  prudent  us  of  riV'  al  i ys  i:i 
order  to  reduce  future  flood  damages,  to  develop  land  us  pians,  and  to 
preserve  channels  adequate  to  remove  the  _ lood  flows. 

(3)  The  publicicing  of  information  for  the  guidance  of  anyone 
having  an  interest  in  Lh  ; specific  areas. 

(4)  The  reduction  of  future  local  and  Federal  expenditures 

for  flood  control  projects  to  protect  developments  which,  in  the  absence 
of  the  study,  would  be  built. 

52.  STUDIES  ACTIVELY  FUNDED  IN  GRAND  RIVER  bASIN.  The  Michigan  Wate . 
Resources  Commission  lias  made  application  for  certain  flood  plain  informa- 
tion studies  in  the  Grand  River  basin.  Two  of  these  studies  deal  with 
two  particular  reaches  of  the  Grand  River.  Two  more  are  studies  of  the  Red 
Cedar  and  Lookingglass  Rivers.  The  Tri-County  Regional  Planning  Commission 
representing  Clinton,  Eaton  and  Ingham  counties  sponsored  these  actions . 
These  four  studies  have  been  approved  and  funds  have  been  provided  to  com- 
plete studies.  They  are  designated  study  A,  B,  C,  and  D and  are  outlined 
in  the  following  text. 

a.  Grand  River  - Lansing.  This  study  area  inciuues  the  Grand  River 
from  the  Dimondaie  Dam  in  the  viLlage  of  Dimondale  (Mile  164.1)  to  the 
Grand  Ledge  Dam  in  the  city  of  Grand  Ledge  (Mile  138.5);  the  Red  Cedar 
River  from  its  confluence  with  the  Grand  River  to  the  Michigan  State  Univer- 
sity Dam  (Mile  5.6);  and  Sycamore  Creek  from  its  mouth  to  the  Holt  Road 
Bridge  (Mile  9.3).  The  reach  of  the  Grand  River  flows  from  Dimondaie 
northeast  to  Lansing,  thence  west  to  Grand  Ledge.  The  Grand  River  traverses 
a distance  of  25.6  miles  measured  along  the  river.  The  Red  Cedar  River 
flows  westward  through  Lansing,  thence  southwest  to  Sycamore  Creek,  thence 
northwest  to  its  confluence  with  the  Grand  River  in  Lansing.  The  total 
reach  of  the  Red  Cedar  River  is  5.6  miles.  Sycamore  Creek  flows  generally 
from  south  to  north  a distance  of  9.3  miles.  These  river  reaches  and  their 
associated  flood  plains  have  been  subjected  to  floods  of  11  to  15 

feet  above  low  water.  The  flood  duration  has  averaged  5 days  above  the 
damage  stage.  Flood  plain  information  for  this  area  is  reported  in  "Flood 
Plain  Information,  Grand  RiveL,  Red  CedaL  Rive.,  and  Sycamore  Creek,  Ingham 
and  Eaton  Counties,  Michigan,  by  Corps  of  Engineers,  U.S.  Army,  Detroit 
District  - 1969". 

b.  Red  Cedar  River.  This  study  area  extends  from  the  Michigan  State 
University  Dam  in  the  city  of  East  Lansing  at  river  mile  516  to  the  Straight 
Dam  in  the  city  of  Williamston  at  river  mile  21.6,  a distance  of  16.0  river 
miles.  The  general  direction  of  flow  is  west  by  north.  This  river  reach 
and  its  flood  plains  have  been  subjected  to  the  same  river  rises  as  the 

Red  Cedar  River  reach  discussed  in  Study  a.  Study  B is  reported  upon  in 
"Flood  Plain  Information,  Red  Cedar  River,  Ingham  County,  Michigan,  by  Corps 
of  Engineers,  U.S.  Army,  Detroit  District,  March  196b,"  Johnson  & Anderson. 
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c.  Upper  Grand  River.  This  study  covers  the  Grand  River  from 
Dimondale  Dam  upstream  (south)  to  the  county  line  between  Ingham  and  Jackson 
counties,  a distance  of  27.8  river  miles.  The  city  of  Eaton  Rapids,  the 
village  of  Dimondalo,  and  the  townships  of  Windsor,  Eaton  Rapids  and  Hamlin 
of  Eaton  County  and  the  townships  Delhi,  Aurelius  and  Onondaga  of  Ingham 
County  are  in  the  basin  of  this  reach  of  the  Grand  River.  This  river  reach 
and  its  flood  plain  have  been  subjected  to  floods  of  4 feet  over  the 
bank-full  stage.  The  water  has  been  above  the  bank-full  stage  for  as 

long  as  22  days.  This  study  is  reported  upon  in  "Flood  Plain  Information, 
Grand  River,  Ingham  County  and  Eaton  Counties,  Michigan,  by  Corps  of 
Engineers,  U.S.  Army,  Detroit  District  - 1069". 

d.  Lookingklass  River.  This  study  covers  the  Lookingglass  River 
from  the  Ionia-Clinton  County  Line  upstream  to  the  Clinton-Shiawassee 
County  Line,  a distance  of  30  miles  along  the  river.  A contract  has 
been  awarded  to  Hubbel,  Roth  and  Clark,  Inc.,  to  make  this  study  and  to 
furnish  a report. 

53.  REQUESTED  STUDIES  IN  BASIN  NOT  NOW  APPROVED  OR  FUNDED.  The  Michigan 
Water  Resources  Commission  has  made  18  additional  applications  for  flood 
plain  information  studies  in  the  Grand  River  Basin  in  addition  to  the 
preceding  four  outlined.  The  streams'  locations,  length  of  the  reaches, 
Basin  priority  of  study  as  of  July  1968,  and  requesting  local  governmental 
agency  are  presented  in  Table  H-28.  These  listings  have  been  referred 
to  the  Chief  of  Engineers  for  approval  and  to  initiate  funding  action 
and  scheduling,  as  applicable. 
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TABLE  H-28 


APPLICATIONS  FOR  FLOOD  PLAIN  INFORMATION  STUDIES 
GRAND  RIVER  BASIN 


Basin  Priority  and  Stream  Location  and  Approx.  Length  Agency  Sponsoring 

Name  of  Study  of  Reach  in  Study  Area  Study 


1 - Grand  Rapids  Grand  River  - From  north  city  limits  of  MGRWC 

Grand  Rapids  to  the  west  city  limits  of 
Walker  and  Grandville,  Kent  County; 

12  miles  long. 

Buck  Creek  - From  Clyde  Park  and  76th  Street  " 

in  Byron  Township  through  Wyoming  and  Grand- 
ville to  the  Grand  River,  Kent  County; 

11  miles. 

3 - Wyoming-Kentwcod-  Plaster  Creek  - From  52nd  Street  through 

Grand  Rapids  Kentwood,  Grand  Rapids  and  Wyoming  to 

the  Grand  River,  Kent  County;  11  miles 

4 - Ionia  ( rand  River  - From  the  east  city  limits  of  " 

Ionia  to  the  west  city  limits,  Ionia  County; 

2 miles. 


2 - Grandvllle- 
Wyoming 


5 - Portland 


6 - Lowell 


7 - Hastings 


Grand  River  and  Lookingglass  River  - Grand 
River  from  south  city  limits  of  Portland 
to  north  city  limits.  Lookingglass  River 
from  east  city  limits  of  Portland  to  Grand 
River,  Ionia  County;  3 miles. 

Grand  River  - From  the  Kent-Ionia  County  line 
through  the  city  of  Lowell  to  the  west  city 
limits,  Kent  County;  2 miles. 

Thornapple  River  - From  Center  Road  through  the 
city  of  Hastings  to  the  west  city  limits  , 

Barry  County;  3 miles. 


8 - Jackson  Grand  River  - From  the  Probert  Road  bridge 

and  from  Sharpes  Lake  downstream  through 
Jackson  to  the  confluence  with  the  Portage 
River,  Jackson  County;  13  miles. 
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TABLE  H-28  (Cont'd) 


9 - Michigan  Center 


10  - Greenville 


11  - Saranac 


12  - Belding 


13  - Rockford 


14  - Middleville 


15  - Nashville 


16  - Mason 


17  - Red  Cedar-East 

Ingham  Co. 

18  - Grand  Ledge 


North  Branch  Crand  River  - From  Center  Lake 
in  Michigan  Center  to  the  Grand  River, 

Jackson  County;  3 miles. 

Flat  River  - From  the  north  city  limits  of 
Greenville  to  the  south  city  limits,  Montcalm 
County;  3 miles. 

Grand  River  - From  the  east  line  of  section  1 
to  the  west  line  of  section  2,  all  in  Boston 
Township,  through  the  Village  of  Saranac, 

Ionia  County;  2 miles. 

Flat  River  - From  the  north  line  of  section 
12,  through  the  city  of  Belding  to  the  south 
city  limits,  Ionia  County;  4 miles. 

Rogue  River  - From  the  north  city  limits  of 
Rockford  to  the  Childsdale  Avenue  Bridge, 

Kent  County;  3 miles. 

Thornapple  River  - From  the  south  line  of  sec- 
tion 26,  through  the  village  of  Middleville 
to  the  north  line  of  section  22,  Barry  County; 

2 miles. 

Thornapple  River  - From  the  east  village  limits 
of  Nashville  to  the  west  village  limits,  Barry 
County;  2 miles. 

Sycamore  Creek  and  Mud  Creek  - Sycamore  Creek 
from  Holt  Road  to  Tomlinson  Road,  Alaiedon 
and  Vevay  Townships  in  Ingham  County;  9 miles. 

Red  Cedar  - From  Williamston  to  the  Ingham- 
Livingston  County  Line,  Ingham  County;  9 miles. 

Grand  River  - From  Clinton-Ionia  County  Line 
to  Grand  Ledge  Dam,  Clinton  and  Eaton  Counties; 
6 miles. 


MGRWC  = Michigan  Grand  River  Watershed  Council 
TCRPC  = Tri-County  Regional  Planning  Commission 


MGRWC 


ft 


1 1 


ft 


• i 


TCRPC 


II 


ft 
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APPEND  LX  T AV IGAT  ION 


SECTION  I 

PURPOSE  AND  EXTENT  OF  STUDY 


1.  Various  reaches  of  the  Grand  River  are  presently  utilized  for 
commercial  and  recreational  navigation.  The  purpose  of  this 
appendix  is  to  identify,  within  the  time  framework  of  the  Basin  Plan, 
any  imbalance  between  either  existing  or  foreseeable  navigational 
needs  and  the  adequacy  of  the  river,  with  or  without  improvement. 
Studies  include  an  analysts  of  existing  navigational  projects  and 
their  relationship  to  present  and  prospective  commerce  and  vessel 
traffic,  and  the  desirability  of  modifying  existing  projects  or 
providing  additional  improvements  for  both  commercial  and  recreational 
navigation. 

SECTION  II 

HISTORY  OP  NAVIGATION 


2.  The  Grand  River  was  navigable  for  light -draft  steamers  under  high 
water  conditions  prior  to  any  known  channel  improvements.  There  was 
a well  established  steamboat  service  as  early  as  1852,  which  continued 
with  from  one  to  three  boats  until  about  1893.  A regular  line  of 
boats  operated  between  Lyons  and  Grand  Haven,  making  a portage  at 
Grand  Rapids.  Freight  and  passengers  were  carried  by  boat  on  a regular 
schedule  between  Lyons  and  Chicago.  The  construction  of  a lock  was 
begun  by  the  State  of  Michigan  to  avoid  the  portage  at  Grand  Rapids, 
but  its  completion  was  enjoined  under  a constitutional  provision 
prohibiting  the  State  from  being  a party  to  such  work.  Later  opera- 
tions were  confined  to  the  portion  of  the  river  below  Grand  Rapids  for 
carrying  supplies  and  passengers  to  the  numerous  sawmills  located  along 
that  stretch  of  river.  The  boats  had  a draft  of  about  20  inches  and 
were  adapted  to  the  then  existing  conditions.  The  river  was  used  ex- 
tensively for  logging  purposes  up  to  about  1890.  An  effort  to  restore 
river  transportation  was  made  in  1906  and  two  river  steamboats  were 
in  operation  for  the  1906  and  1907  season.  The  steamboats  were  135 
feet  long,  32  feet  vide,  and  28  inches  draft,  with  a tonnage  of  219 
and  a passenger  allowance  of  700.  Business  did  not  develop  suffi- 
ciently to  support  the  line  and  the  boats  were  sold  and  removed  from 
the  river.  From  1911  to  1917,  a small  side-wheel  steamer  of  91  net 
tons  and  draft  of  24  inches  operated  between  Grand  Haven  and  Lamont, 
22-1/2  miles  above  the  mouth,  and  occasionally  made  an  excursion 
trip  to  Grand  Rapids. 
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SECTION  III 
PRIOR  REPORTS 


3.  Grand  Haven  Harbor  at  the  mouth  of  the  Grand  River  and  the  lower 
17-1/2  miles  of  the  river  are  currently  under  Federal  improvement  for 
navigation.  The  original  project  for  the  haroor  was  adopted  by  the 
River  and  Harbor  Act  of  June  23,  1866  and  for  the  river  by  the  River 
and  Harbor  Act  of  March  3,  1881.  There  have  been  numerous  modifica- 
tions to  the  projects  subsequent  to  these  original  acts.  The  River 
and  Harbor  Act  of  July  3,  1930  provided  for  the  present  project 
dimensions  of  the  Grand  Haven  harbor  channel  from  Lake  Michigan  to 
the  Grand  Trunk  Railway  car  ferry  slip,  and  eliminated  that  portion 
of  the  Grand  River  channel  upstream  of  the  Bass  River  extending  to 
Grand  Rapids.  It  also  consolidated  the  separate  projects  for  the 
harbor  and  river.  Subsequent  River  and  Harbor  Acts,  in  1937  and  1945, 
authorized  the  channel  extension  to  Spring  Lake  and  the  present 
project  dimensions  of  the  harbor  channel  from  the  car  ferry  slip  to  the 
Gr*»nd  Trunk  Railway  Bridge  and  the  turning  basin.  A summary  of  the 
prior  reports  pertaining  to  navigation  on  the  Grand  River  downstream 
of  Grand  Rapids  is  contained  in  Attachment  A to  this  appendix. 


SECTION  IV 
EXISTING  PROJECT 


4.  The  existing  project  for  Grand  Haven  Harbor  and  Grand  River 
provides  for  protecting  the  mouth  of  the  river  with  piers  and  revet- 
ments, 3,569  and  5,549  feet  in  length  on  north  and  south  sides,  respec- 
tively; for  a channel  23  feet  deep,  300  feet  wide  from  that  depth  in 
Lake  Michigan  to  a point  1,000  feet  inside  the  pier  ends;  thence 
21  feet  deep,  300  feet  wide,  2-1/2  miles  long  to  the  Grand  Trunk  Rail- 
way Bridge  at  Ferrysburg  with  a turning  basin  18  feet  deep  on  the 
south  side  of  the  channel  just  below  the  bridge;  thence  a channel 
18  feet  deep,  100  feet  wide,  3,100  feet  long  to  Spring  Lake;  and  a 
channel  in  Grand  River  8 feet  deep,  100  feet  wide  and  14-1/2  miles 
long.  The  existing  project  was  substantially  completed  in  1949.  A 
controlling  depth  of  23  feet  is  presently  available  in  the  entrance 
channel;  21  feet  between  the  piers  and  in  the  river  to  the  Grand  Trunk 
Railway  Bridge;  18  feet  in  the  turning  basin;  8 feet  in  Grand  River  to 
Bass  River;  and  18  feet  in  the  outlet  from  Spring  Lake.  Existing 
project  layouts  are  shown  on  maps,  plates  1 and  2.  All  project  struc- 
tures are  in  generally  good  condition.  Total  costs  of  the  navigation 
projects  to  30  June  1969  have  amounted  to  $1,283,469  for  new  work, 
$6,462,267  for  maintenance,  and  $813,613  for  rehabilitation  of  project 
structures . 
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ARBOR 


SECTION  V 

ADDITIONAL  STUDIES  AUTHORIZED 


5.  There  are  currently  two  authorized  6tudies  concerning  the 
modification  of  existing  projects  or  adoption  of  new  projects 
at  Grand  Haven  Harbor  and  on  the  Grand  River.  One  study,  in  accord- 
ance with  House  Public  Works  Committee  Resolution  dated  March  I, 

1950,  is  to  investigate  the  need  for  further  improvements  in  the 
interest  of  commercial  navigation.  Although  the  original  intent 
of  local  interests  was  to  consider  the  advisability  of  improving 
a branch  of  the  Grand  River  known  as  the  "South  Channel",  local 
interests  subsequently  modified  their  request  to  include  other 
improvements  in  lieu  of  the  South  Channel.  At  a public  hearing 
held  in  Grand  Haven  on  26  March  1968,  local  interests  proposed  the 
following  improvements:  (1)  deepen  the  existing  deep-draft  harbor 

channel  to  a minimum  depth  of  25  feet;  (2)  deepen  and  widen  the 
turning  basin;  and  (3)  deepen,  widen,  and  straighten  the  existing 
shallow-draft  river  channel  from  Grand  Haven  to  the  Bass  River. 
Improvement  of  the  harbor  channel  and  turning  basin  will  permit 
utilization  of  larger,  modern  lake  vessels  with  a resultant  savings 
in  transportation  costs.  The  requested  river  channel  improvement 
will  allow  the  use  of  larger  barges  and  larger  tows  thereby  decreasing 
the  number  of  trips  required.  Work  on  this  study  has  been  initiated. 
The  other  authorized  study  is  to  determine  if  any  modification  of  the 
existing  project  is  advisable  and  is  in  accordance  with  House  Public 
Works  Conmittee  resolution  adopted  9 April  1957.  This  study  will 
cover  all  aspects  of  recreational  boating  activity,  with  particular 
emphasis  on  improvement  of  the  Grand  River  from  the  Bass  River  to 
Grand  Rapids  for  small-craft  navigation.  Work  on  this  study  has  not 
yet  been  initiated. 
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SECTION  VI 

TERMINAL  AND  TRANSFER  FACILITIES 


6.  The  only  significant  terminal  and  transfer  facilities  are 
located  at  Grand  Haven  Harbor.  They  consist  of  several  wharves 
used  for  handling  coal,  limestone,  slag,  sand  and  gravel,  petroleun 
products,  fish,  and  miscellaneous  commodities.  There  is  also  a 
car  ferry  slip  which  is  inactive.  Sand  and  gravel  shipping  terminals 
are  located  near  the  Bass  River  at  the  upstream  limit  of  the  existing 
Federal  project.  Sand  and  gravel  from  these  terminals  are  shipped 
by  barge  to  Grand  Haven.  There  are  no  commercial  terminals  or 
transfer  facilities  located  at  the  city  of  Grand  Rapids.  For  recrea- 
tional craft,  there  are  marinas  in  the  Grand  Haven  area  and  numerous 
landing  places  along  the  river.  These  facilities  appear  adequate  for 
existing  conanerce  and  vessel  traffic.  If  channel  improvements  are 
made  to  permit  a significant  increase  in  recreational  boating,  it  is 
expected  that  additional  marinas  and  boating  facilities  will  be  pro- 
vided as  the  need  arises. 


SECTION  VII 
IMPROVEMENTS  DESIRED 


7.  COMMERCIAL 


Improvements  in  the  interest  of  commercial  navigation  have  been 
requested  for  Grand  Haven  Harbor  and  the  lower  reach  of  the  Grand  River 
up  to  the  Bass  River.  Deepening  of  the  existing  harbor  channel  from 
21  feet  to  25  feet  and  enlarging  and  deepening  the  existing  turning 
basin  are  improvements  which  local  interests  have  requested  for  Grand 
Haven  Harbor.  According  to  local  interests,  the  existing  project  depth 
of  21  feet  prevents  the  realization  of  more  economical  transportation 
rates  available  from  loading  larger,  deep-draft  vessels  to  their  full 
capacity.  Enlarging  the  turning  basin  would  provide  additional  maneuver- 
ing space  and  permit  the  utilization  of  larger  more  economical  vessels. 

8.  Two  gravel  companies  operating  in  Ottawa  County  have  requested  widen- 
ing and  deepening  of  the  Grand  River  over  the  existing  project  up  to 
the  mouth  of  the  Bass  River.  They  state  that  these  improvements  would 
permit  an  increase  in  transporting  capacity  with  a corresponding  economic 
savings  in  the  movement  of  sand  and  gravel  by  barge.  Larger  barges  and 
an  increased  number  of  barges  per  tow  would  then  be  possible  should 
the  channel  be  improved.  Widening  the  channel  would  also  increase 
safety  to  navigation,  especially  at  bends  of  the  river,  in  view  of  the 
increasing  commercial  and  recreational  boat  traffic  expected  in  the 
future.  These  companies  stated  that  they  see  no  need  for  extending  the 
improved  channel  upstream  of  the  Bass  River  insofar  as  their  commercial 
applications  are  concerned. 
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9.  RECREATIONAL 

The  Waterways  Division  of  the  Michigan  Department  of  Natural 
Resources  requested  that  the  following  improvements  be  investigated 
as  to  their  economic  feasibility. 

a.  Construct  a channel  100  feet  wide  and  five  feet  deep  from 
the  upstream  limit  of  the  presently  authorized  and  maintained  river 
channel  to  Grand  Rapids. 

b.  Construct  a lock  at  Grand  Rapids  adequate  to  handle  recrea- 
tional craft  up  to  65  feet  in  length. 

c.  Construct  a channel  80  feet  wide  and  five  feet  deep  from  the 
site  of  the  proposed  lock  at  Grand  Rapids  to  a point  approximately 
70  miles  from  the  mouth  of  the  Grand  River,  at  Lowell,  and  construct 
a channel  50  feet  wide  and  four  feet  deep  from  Lowell,  to  a point 
approximately  110  miles  from  the  mouth  of  the  Grand  River,  at  Portland. 
Where  active  dams  are  encountered  along  this  route,  provision  should 

be  made  for  portages,  except  at  Grand  Rapids,  where  a lock  is  deemed 
to  be  essential. 

d.  Provide  additional  water  areas  by  impounding  the  waters  of  the 
Grand  River  and  its  tributaries  in  at  least  two  areas;  one  between 
Lansing  and  Portland  and  the  other  between  Lansing  and  Jackson.  These 
impoundments  would  be  intended  to  provide  recreational  water  areas  for 
the  residents  of  the  Lansing  area  and  should  be  designed  to  permit 
recreational  boating.  Each  impoundment  should  provide  a minimum  water 
surface  acreage  of  about  650  acres.  It  is  considered  desirable  to 
plan  such  impoundments  so  that  the  minimum  width  of  the  lake  created 
thereby  would  be  approximately  2,000  feet  and  a minimum  length  of  the 
lake  one  mile.  If  a lake  of  650  acres  was  provided,  a minimum  of  four 
miles  of  shore  line  would  be  available  per  lake  for  recreational  pur- 
poses . 


SECTION  VIII 
COMMERCE 
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10.  EXISTING  - GRAND  iiAVEN  HARBOR 

The  volume  of  lakewise  waterborne  commerce  through  Grand 
Haven  Harbor  amounted  to  1,682,837  tons  in  1967.  The  greater 
portion  was  moved  by  deep-draft  self-unloader  type  vessels  and 
consisted  largely  of  coal,  slag,  petroleum  products,  and  lime- 
stone receipts  along  with  sand  and  gravel  shipments.  During  the 
past  10  years,  the  commerce  of  the  harbor  has  varied  from  a 
minimum  of  1,222,707  tons  in  1964  to  a maximum  of  1,682,837  tons 
in  1967,  the  average  of  the  10-year  period,  1958  to  1967  being 
1,467,025  tons.  Table  1 details  the  tonnages  of  the  primary  com- 
modities received  by  lake  vessels  during  this  10-year  period. 
Table  2 details  the  commodities  shipped  by  lake  vessels  and  the 
total  of  shipments  and  receipts  for  this  10-year  period.  Miscel- 
laneous commodities  have  included  salt,  slag,  gypsum,  steel  mill 
products,  and  fish. 
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EXISTING  - GRAND  RIVER  INTRAPORT 


Coranerce  on  the  Grand  River  is  limited  to  the  shipment  of  sand 
and  gravel  from  the  deposits  located  at  the  mouth  of  the  Bass  River 
to  the  Harbor  at  Grand  Haven,  a distance  of  14-1/2  miles.  All  of 
this  comer ce  was  moved  by  shallow-draft  barges,  two  barges  per  tow, 
and  during  1968  consisted  of  728,594  tons  of  sand  from  the  area  known 
as  "Ihe  Sag"  and  1,060,160  tons  of  unprocessed  gravel  from  the  re- 
serves near  the  mouth  of  the  Bass  River.  After  processing  the  gravel, 
373,119  tons  were  shipped  by  lake  vessel  and  the  remaining  687,041  tons 
were  distributed  by  railroad  and  truck.  All  of  the  sand  was  reshipped 
by  lake  vessel.  The  total  volume  of  intraport  commerce  on  the  Grand 
River  amounted  to  1,788,754  tons  in  1968.  Table  3 details  the  ton- 
nages of  sand  and  gravel  comnerce  during  the  5-year  period,  1964 
through  1968. 
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12.  PROSPECTIVE  - GENERAL 


Future  waterborne  commerce  at  Grand  Haven  Harbor  is  expected 
to  increase  along  with  an  anticipated  steady  increase  in  population 
over  the  tributary  area  and  future  growtn  in  road  building,  building 
construction,  and  industrial  expansion.  Growth  of  general  industry 
is  expected  due  to  the  harbor’s  geographical  location  on  the  west 
coast  of  Michigan  and  its  proximity  to  the  industrialized  Grand 
Rapids  Metropolitan  Area.  The  expected  increase  in  vessel  commerce 
will  continue  to  consist  mainly  of  receipts  of  coal  and  limestone 
and  shipments  of  sand  and  gravel. 

13.  PROSPECTIVE  - GRAND  HAVEN  HARBOR 

Local  commercial  interests  indicate  that  the  harbor 's  sand  and 
gravel  shipments  can  be  expected  to  increase.  Several  reserves 
presently  serving  the  Great  Lakes  are  near  depletion.  An  increase 
of  500,000  tons  by  the  year  1975  is  expected  as  the  bulk  of  the  sand 
and  gravel  presently  shipped  from  reserves  near  depletion  is  absorbed 
by  the  Grand  Haven  Harbor.  The  shipments  can  be  expected  to  increase 
annually  by  about  25,000  tons  per  year  during  the  period  1975  through 
1985.  It  was  also  indicated  that  the  harbor's  limestone  receipts  can 
be  expected  to  increase  annually  by  about  5,000  tons  through  the  year 
1985.  Coal,  primarily  that  used  in  the  production  of  electricity, 
can  be  expected  to  increase  by  108,000  tons  by  1970,  an  additional 

237.000  tons  by  1975,  and  1,600  tons  annually  from  1975  through  1985. 

The  Board  of  Light  and  Power  of  the  City  of  Grand  Haven  has  indicated 
that  the  capacity  of  their  Island  Generating  Station  will  be  increased 
from  the  present  20  megawatts  to  50  and  110  megawatts  by  1970  and  1975 
respectively,  requiring  a large  increase  in  their  coal  usage.  It  is 
expected  that  by  1985,  annual  inbound  vessel  traffic  will  include 

485.000  tons  of  coal  and  183,000  tons  of  limestone.  It  is  also  expected 
that  outbound  self -unloading  vessel  traffic  will  include  2,000,000 

tons  of  sand  and  gravel.  Table  4 indicates  the  projected  tonnages  in 
five-year  increments. 
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Table  4 


Prospective  Lake  Vessel  Commerce 
1970  through  1985 
(Short  Tons) 


RECEIPTS SHIPMENTS 


Year 

Coal 

Limestone 

Total 

Sand,  Gravel 

1970 

232,000 

108,000 

340,000 

1,430,000 

1975 

469,000 

133,000 

602,000 

1,770,000 

1980 

477,000 

158,000 

635,000 

1,870,000 

1885 

485,000 

180,000 

665,000 

2,000,000 

14.  PROSPECTIVE  COMMERCE  - GRAND  RIVER  INTRAPORT 


Local  sand  and  gravel  interests  indicate  that  intraport  ship- 
ments to  their  processing  and  shipping  facilities  can  be  expected  to 
increase.  By  1985,  it  i6  expected  that  2,000,000  tons  of  gravel  will 
be  shipped  from  the  reserves  near  the  mouth  of  the  Bass  River  to  the 
processing  plant.  Foundry  sand  from  the  Sag  Area  is  expected  to 
increase  to  1,397,000  tons  by  1985.  Table  5 indicates  the  projected 
tonnages  in  five-year  increments. 


Table  5 

Prospective  Grand  River  Commerce 
1970  through  1985 
(Short  Ton6> 


Gravel  from  Sand  from 


Year 

Bass  River  Area 

Sag  Area 

1970 

1,251,000 

943,000 

1975 

1,440,000 

1,268,000 

1980 

1,703,000 

1,336,000 

1985 

2,000,000 

1,397,000 
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SECTION  IX 
VESSEL  Tk AFP!  ' 


1 5 . EXISTING  COMMERCIAL 

Great  Lakes  bulk  cargo  is  transported  by  a fleet  of  vessels 
which  is  undergoing  a gradual,  but  deliberate,  transformation.  The 
average  draft,  length,  and  capacity  of  the  lake  carriers  is  con- 
tinually increasing.  Two  factors  nave  accelerated  this  trend: 

(1)  obsolescence  in  the  present  fleet;  and  (2)  the  deepening  of  the 
Connecting  Channels  and  the  major  commercial  harbors.  New  vessels, 
which  have  been  designed  to  take  full  advantage  of  the  greater  depths, 
and  vessels  that  have  been  rebuilt,  operate  at  a lower  cost  per  ton 
only  when  loaded  at  or  near  maximum  capacity. 

16.  Vessel  traffic  data  for  Grand  Haven  Harbor  were  tabulated  accord- 
ing to  trips  and  drafts  during  1967  and  are  shown  in  table  6.  The 
latest  available  data  for  the  Grand  River  are  presented  in  table  7 and 
shows  trips  and  drafts  of  vessels  trading  on  the  Grand  River  in  1964. 
Inbound  and  outbound  deep-draft  vessels  serving  Grand  Haven  Harbor 
consist  primarily  of  Great  Lakes  self-unloader  bulk  cargo  carriers 
(see  table  8)  and  tankers.  Tugs  and  barges  handling  sand  and  gravel 
comprise  most  of  the  shallow-draft  vessel  traffic  at  Grand  Haven 
Harbor  and  on  the  Grand  River.  The  largest  barges  presently  being 
utilized  are  175  feet  long  and  40  feet  wide  with  a loaded  draft  of 
between  7 to  8 feet.  The  carrying  capacity  per  barge  is  approximately 
1,200  tons.  The  largest  tow  used  at  the  present  time  consists  of  two 
barges  and  a push  tug  which  amounts  to  an  overall  length  of  410  feet. 
The  navigation  season  on  the  Grand  Fiver  normally  starts  about  the 
first  of  April  and  ends  about  the  first  of  December.  In  the  past  ten 
years,  the  earliest  and  latest  dates  for  the  opening  and  closing  of 
navigation  at  Grand  Haven  Harbor  are  as  follows: 

Opening  Clos ing 

Earliest  date  March  4 November  11 

Latest  date  April  7 December  29 

However,  local  fish  tugs  and  oil  tankers  ply  in  and  out  of  the  harbor 
at  all  times  throughout  the  year. 
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Total  150  59  1,336  1,842 
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17.  Self -unloading  and  bulk  carriers  have  shipped  sand  and  gravel 
from  Ferrysburg  for  delivery  throughout  the  Great  Lakes  system  for 
forty  years.  Table  9 gives  a summary  of  boats  loaded  and  outbound 
tonnages  from  a local  commercial  interest,  during  1948  and  1957  - 
1967. 


Table  9 

A Summary  of  Outbound  Tonnage 
From  Construction  Aggregates  Corporation 
(Short  Tons) 


Year 

Boats  Loaded 

Lake  Michigan 

Down bound 

Total 

1948 

156 

538,521  net  tons 

378,531  net 

tons  917,052 

1957 

137 

453,647 

639,466 

1,093,113 

1958 

91 

341,280 

453,409 

794,689 

1959 

129 

456,148 

683,311 

1,139,459 

1960 

117 

437,122 

527,177 

964,299 

1961 

73 

269,635 

378,618 

648,253 

1962 

95 

263,650 

492,473 

756,123 

1963 

101 

436,336 

484,022 

920,358 

1964 

99 

222,780 

585,787 

808,567 

1965 

112 

295,761 

657,598 

953,359 

1966 

118 

382,192 

760,572 

1,142, 764 

1967 

112 

483,304 

628,313 

1,111,617 
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18.  Table  10,  furnished  by  local  interest,  shows  sales  of  sand 
and  gravel  to  Canadian  consumers.  Up  to  40  percent  of  the  sand 
and  gravel  shipments  from  Grand  Haven  go  to  Canada,,  The  result 
being  a return  of  American  dollars  to  the  economy  which  helps 
control  the  balance  of  payments. 

Table  10 

Sales  of  Sands  and  Gravels 
Canadian  Consumers 
(Short  Tons) 


Year 

Tonnage 

U.  S.  Dollai 

1963 

261,519 

$168,196 

1964 

236,630 

185,333 

1965 

281,186 

214,366 

1966 

442 , 644 

351,983 

1967 

319,605 

265,373 

1968  (Est.) 

405,000 

362 , 000 

19.  A study  of  U.  S.  and  Canadian  flag  self-unloading  vessels  shows 
that  most  of  the  vessels  calling  at  Grand  Haven  had  attanable  drafts 
of  over  21',  the  limiting  project  depth.  Tables  11  and  12  were  furn- 
ished by  a local  commercial  interest.  These  tables  indicate  many  vessels 
were  unable  *.o  fill  to,  or  near  capacity.  The  vessels  with  maximum 
drafts  less  than  21'  probably  will  soon  be  replaced  with  deeper  draft, 
longer  vessels.  With  ships  calling  at  Grand  Haven  not  loading  to 
capacity,  economic  advantages  of  cheaper  shipping  are  lost.  Deepening 
Grand  Haven  Harbor  to  Great  Lakes  Connecting  Channels  depths  is  neces- 
sary to  accommodate  the  existing  and  future  Great  Lakes  fleet. 
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Table  11 


r 


Canadian  Flag  Vessels 
Self-Unloaders 


Boat 


Number  of  Called  at 

Calls  at  GH  1967  GH  In  past 


Under  21' -2 3'  Over 
2 1 ' 23*  Length 


Avondale 

Barber  3 

Bay  fair 
Bay geor ge 
Codwell 

Cape  Breton  Miner 

Dolomite  1 

Everest 

Ferndale 

Gleneagles 

Ballfax 

Hoc he laga 

Hull 

Jodrey  2 

Leadale 

Manitoulin 

Midland  Prince 

Ontario  Power 

Orefax  1 

Pe tman 

Pinedale 

Stadacona 

Stonefax  3 

Tarantau 


X 489 

X 574 

X 258 

X 343 

X 162 

X 680 

X 425 

X 259 

X 524 

X X 596 

X 445 

X 639 

X 730 

X 641 

X X 524 

X 730 

X 484 

X 710 

X 341 

X X 510 

X X 524 

X 596 

X X 441 

X 730 


LOAD -OUT 

Total  Trips  by  Self-Unloaders  --  10 
Total  Vessels  5 
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Table  12 

U.  S,  Flag  Vessels 
Self -Unloaders 


Number  of 

Called  at 

Under 

Over 

Boat 

Calls  at  GH  1967 

GH  in  Past 

21' 

2 1 * -2  3 ' 

23’ 

Lengt 

Alpena 

X 

376 

Boland,  J.  J. 

X 

639 

CaLcite  II 

8 

X 

X 

604 

Calvin 

X 

X 

55  7 

Clyner 

X 

X 

552 

Consumers  Power 

X 

605 

Cornel ius 

X 

666 

Detroit  Edison 

X 

678 

Diamond  Alkali 

2 

X 

X 

600 

Fitzgerald 

1 

X 

X 

440 

Frantz 

3 

X 

X 

618 

Hennepin 

8 

X 

X 

524 

Holloway 

X 

X 

552 

Huron 

X 

X 

439 

Hutchinson 

X 

620 

Kling 

8 

X 

X 

561 

Manske 

X 

X 

524 

McKee  Sons 

2 

X 

633 

Munson 

X 

666 

Nicolet 

14 

X 

X 

533 

Nor  ton 

X 

X 

524 

Ogle bay 

27 

X 

X 

556 

Purnell 

4 

X 

X 

620 

Reiss,  C. 

7 

X 

X 

524 

Reiss,  J.  L. 

6 

X 

X 

500 

Reiss,  P. 

14 

X 

X 

524 

Reiss,  R.  J. 

X 

620 

Robinson 

X 

588 

Rogers  City 

2 

X 

X 

552 

Schoellkopf 

X 

X 

557 

Sensibar 

5 

X 

X 

610 

Sloan 

X 

620 

Snyder 

1 

X 

X 

526 

Sy lvania 

1 

X 

X 

572 

h 
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Tabie  12 


Sheet  2 of  2 


U ■ S.  Flay;  Vessels 
Self  -Uni  oa  tiers 


Boat 

Number  of 

Calls  at  GH  1967 

Called  at 
GH  in  Past 

Under 

21' 

2 1 ' -2  3 ' 

Over 

23' 

LenRth 

Taylor 

X 

603 

Thompson 

2 

X 

X 

579 

Toml ins on 

1 

X 

X 

557 

U.  S.  Gypsum 

1 

X 

X 

524 

Wes  t 

2 

X 

X 

592 

White 

X 

550 

Wyandotte 

4 

X 

X 

439 

Y oung 

X 

672 

Roen 

8 

X 

X 

461 

LOAD  -OUT 

Total  trips  by  Self-Unloaders  1967  --  96  from  Construction  Aggregates 

Corporation 

by  Barges  6 from  Construction  Aggregates 

Corpora  tion 

UNLOAD 

Total  trips  by  self -unloaders  to  Board  of  Light  & Power  --  7 
Total  vessels  to  Board  of  Light  & Power  --  1 


Total  trips  by  self-unloaders  to  Verplanks  18 

Total  vessels  to  Verplanks  4 

Total  trips  to  Construction  Aggregates  5 

Total  vessels  to  Construction  Aggregates  4 

Total  trips  to  Neitring's  City  Coal  Dock  2 

Total  vessels  to  Neitring's  City  Coal  Dock  2 


A 
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20.  PROSPECTIVE  COMMERCIAL 


Grand  Haven  Harbor's  commerce  is  expected  to  increase,  and 
consist  mainly  of  receipts  of  coal,  Limestone,  and  sand  and  gravel. 

Land  and  dock  sites  along  the  shore,  rail  facilities,  highways,  and 
an  improved  deep-draft  harbor  serve  as  an  incentive  to  attract  new 
industry  and  waterborne  commerce.  It  is  expected  that  the  size  of 
deep-draft  vessels  serving  Grand  Haven  Harbor  will  increase  in  the  future. 
The  average  size  of  vessels  in  the  Great  Lakes  bulk  cargo  fleet  has 
been  Increasing  since  World  War  II  and  more  noticeably  in  the  last  ten 
years.  This  increase  is  attributed  to  the  fact  that  many  of  the  smaller 
vessels  have  reached  or  passed  their  50-year  life  expectancy  and  greater 
economies  are  realized  by  using  larger,  more  efficient  carriers.  Com- 
pletion of  the  St.  Lawrence  Seaway  and  deepening  of  the  Great  Lakes 
Connecting  Channels,  together  with  the  deepening  of  major  commercial 
harbors,  have  served  to  accelerate  this  transition.  Most  new  vessels, 
which  have  been  designed  to  take  advantage  of  the  greater  depths  now 
available,  operate  at  a lower  cost  per  ton  only  when  loaded  at  or  near 
maximum  capacity. 

21.  The  probable  composition  of  the  1985  Great  Lakes  bulk  cargo  fleet, 
with  Connecting  Channels  and  principal  harbors  deepened,  was  developed 
for  the  Great  Lakes  Connecting  Channels  Report  (S . Doc.  No.  71,  84th 
Cong.,  1st  Sess.).  Based  on  more  recent  studies  certain  changes  have 
been  made  in  the  characteristics  of  the  prospective  fleet.  Table  13 
presents  the  results  of  this  prospective  fleet  study  together  with 
comparative  characteristics  of  the  1957  and  1965  fleets.  Special-use 
types  of  bulk  carriers  such  as  cement  carriers  and  tankers  are  not 
included  in  Table  13.  Future  traffic  at  Grand  Haven  Harbor  will  con- 
sist of  the  larger  deeper -draft  vessels  of  the  current  fleet  plus  new 
vessels  of  at  least  a comparable  size. 
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United  States  Great  Lakes  Bulk  Car^o  Vessel  Fleet- 
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22.  It  is  expected  t.hac  self -unloaders  will  continue  to  carry  the 
harbor's  bulk  coal,  limestone,  s*nd,  and  gravel  commerce.  The  large 
tonnage  Increases  expected  for  these  commodities  in  the  future  will 
result  in  increased  harbor  traffic,  and  the  need  for  deeper  harbor 
facilities,  to  accommodate  deep-draft  shipping.  Shipping  companies 
on  the  Great  Lakes  iiave  been  retiring  or  rebuilding  their  old,  small, 
and  Inefficient  ships  at  an  ever  increasing  rate.  The  composition  of 
the  fleet  of  sel f -unloaders  serving  the  Great  Lakes  is  expected  to 
change  during  the  proposed  improvements  50-year  amortization  period. 

23.  On  the  Grand  River,  the  present  channel  dimensions  directly  limit 
the  size  (width,  length,  and  draft)  of  the  barges  used  in  the  movement 
of  sand  and  gravel.  Present  tows  consist  of  a maximum  of  two  barges; 
however,  the  principal  shipping  company  operating  on  the  Grand  River 
is  considering  the  use  of  three  barges  and  a tug  bringing  the  over -all 
length  per  tow  to  585  feet.  These  longer  tows  will  be  able  to  operate 
only  during  periods  of  high  water  inasmuch  as  at  other  times  the  longer 
tows  will  not  be  able  to  make  the  short  bends  of  the  river.  The  100-foot 
width  of  the  present  channel  does  not  permit  a tow  of  this  length  to 
navigate  the  sharp  turns  and  still  remain  within  the  channel  lines. 
Commercial  Interests  have  stated  that  if  the  channel  dimensions  were 
enlarged,  they  would  definitely  increase  the  size  of  their  barges  and 
tows.  Thus,  the  nature  of  future  commercial  vessel  traffic  on  the  Grand 
River  is  expected  to  remain  essentially  the  same  as  at  the  present  time 
except  that  larger  barges  and  tugs  and  more  barges  per  tow  would  un- 
doubtedly be  used  if  channel  improvements  were  made.  There  i6  little 
possibility  in  the  foreseeable  future  of  a need  for  deep-draft  commercial 
traffic  on  the  Grand  River  upstream  of  Grand  Haven  Harbor, 

24.  EXISTING  RECREATIONAL 


Little  information  concerning  existing  recreational  boating  traffic 
on  the  Grand  River  is  available.  An  inventory  of  existing  docking  facili- 
ties at  Grand  Haven  and  Spring  Lake  was  conducted  in  1965  by  the  Michigan 
State  Waterways  Commission.  The  number  of  seasonal  berths  available  at 
coranercial  marinas,  classified  according  to  the  length  of  craft,  are  show 
in  Table  14.  In  addition,  there  are  a nunber  of  berth6  which  are  usually 
held  open  for  the  accommodations  of  transient  craft. 
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Table  14 


Seasonal  Berths  at  Grand  Ha en  and  Spring  Lake 


Length.  cf  Graft. 
Under  20  feet 
20  feet  - 29  feet 
30  feet  - 39  feet 
40  feet  and  over 


Nutiber  of  Berths 
164 
170 
60 
111 


25.  Some  boating  statistics  are  also  available  pertaining  to  bridge 
openings  of  the  Spring  Lake  to  Ferrysburg  Bridge  which  crosses  over 
the  Federal  project  channel.  These  are  shown  in  Table  15. 

Table  15 


Spring  Lake  - Ferrysburg  Bridge  Openings 


Type  of  Craft 


Year 

Cruisers 

Sailboats 

Commercial 

Total 

1958 

2,347 

140 

250 

2,737 

1959 

2,505 

116 

254 

2,876 

1960 

3,911 

202 

352 

4,465 

1961 

3,488 

257 

303 

4,048 

1962 

4,381 

344 

356 

5,081 

1963 

* 

261 

470 

* 

1964 

* 

* 

* 

9,111 

* Not  available. 
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26.  There  are  no  statistics  available  on  recreational  boating  for 
any  upstream  portion  of  the  Grand  River.  However,  it  is  known  that 
there  are  significant  numbers  of  recreational  boaters  who  make  use 
of  the  river,  especially  the  improved  reach  downstream  of  the  Bass 
River  to  Grand  Haven.  The  unimproved  sections  of  the  river  are  used 
mainly  by  small  local  craft,  mostly  outboards,  whose  operators  are 
familiar  with  the  local  hazards  to  navigation.  Some  indication  of 
the  number  of  boats  which  could  use  the  Grand  River  can  be  gained 
from  a study  of  the  nunber  of  boats  registered  with  the  State  of 
Michigan  in  those  counties  through  which  the  Grand  River  flows.  The 
total  registered  craft  by  county  as  of  31  December  1965,  tabulated 
according  to  type  and  length,  is  shown  in  Table  16. 
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Table  16 


r 


Registered  Small  Craft  by  County  - 1965 


I.ength 


12  ' and 

12  ' -zO  1 

40 ' and 

County 

Type 

under 

20 '-30' 

30' -40' 

over 

Total 

Ottawa 

Outboard 

1,035 

4,157 

73 

2 

i 

5,268 

Inboard 

8 

299 

200 

29 

6 

542 

Sailboat 

4 

35 

18 

5 

1 

63 

Total 

1,047 

4,491 

291 

36 

8 

5,873 

Kent 

Outboard 

4,846 

14,589 

307 

11 

2 

19,755 

Inboard 

32 

514 

315 

85 

18 

964 

Sailboat 

12 

66 

34 

15 

5 

132 

Total 

4,890 

15,169 

656 

111 

25 

20,851 

Ion  ia 

Outboard 

683 

1,775 

31 

0 

0 

2,489 

Inboard 

9 

26 

9 

4 

2 

50 

Sa ilboat 

1 

0 

2 

0 

0 

3 

Total 

693 

1,801 

42 

4 

2 

2,542 

Clinton 

Outboard 

484 

1,680 

21 

0 

0 

2,185 

Inboard 

6 

25 

7 

3 

1 

42 

Sailboat 

0 

2 

0 

0 

0 

2 

Total 

490 

1,707 

28 

3 

1 

2,229 

Eaton 

Outboard 

780 

2,328 

52 

0 

0 

3,160 

Inboard 

5 

50 

11 

4 

1 

71 

Sailboat 

1 

4 

0 

1 

0 

6 

Total 

786 

2,382 

63 

5 

1 

3,237 

Ingham 

Outboard 

2,908 

8,916 

173 

3 

1 

12 ,001 

Inboard 

19 

248 

105 

37 

6 

415 

Sailboat 

9 

36 

10 

5 

0 

60 

Total 

2,936 

9,200 

288 

45 

7 

12,476 

Jackson 

Outboard 

2,475 

6,746 

2 72 

1 

1 

9,495 

Inboard 

23 

191 

31 

9 

1 

255 

Sa ilboat 

6 

19 

3 

4 

0 

32 

Total 

2,504 

6,956 

306 

14 

2 

9,782 
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2 7 . PROSPECT  IV E RE  CHEAT  lu: -AL 


Recreations!  boating's  rise  to  popularity  has  been  rapid.  In 
1958,  the  year  the  State  first  began  registering  boats,  there  were 
217,553  craft  in  Michigan.  By  1965,  Michigan's  boating  population 
was  about  400,000.  These  figures  point  out  the  tremendous  growth 
in  the  popularity  of  recreational  boating  which  has  occurred  in  only 
a few  years  time.  That  this  rapid  growth  will  continue  in  the 
future  is  an  opinion  shared  by  all  agencies,  organizations,  and 
persons  concerned  with  the  future  of  recreational  boating. 

28.  The  optimistic  future  predicted  for  recreational  boating  is 
based  not  only  on  past  growth  statistics  but  on  increasing  future 
population  projections,  rising  national  prosperity  which  provides 
the  consumer  with  more  money  to  spend  on  recreational  pursuits,  and 
the  trend  toward  shorter  workweeks  and  more  holidays  which  allows 
more  free  time  to  devote  to  boating  activities.  Experience  has 
shown  that  river  and  harbor  improvements  or  the  construction  of  new 
facilities  results  in  an  increase  in  the  number  of  locally-based  and 
transient  boats.  Another  factor  which  has  contributed  to  over- 
crowding and  congestion  at  existing  river  and  harbor  improvements  is 
the  rapid  increase  in  the  number  of  trailer -drawn  craft  being  used. 
These  craft,  usually  16  to  22  feet  long,  nave  no  home  port  but  are 
generally  stored  on  land  at  the  owner's  home  or  any  other  accessible 
location  and  transported  to  and  from  the  harbors  and  waterways  on 
trailers.  They  include  the  popular  deckless  or  semi-deckless  out- 
board-driven craft  used  in  calm  weather  for  short  duration  cruises  and 
the  larger,  cruiser  -like,  outboard -dr iven  craft  equipped  with  a for- 
ward cabin  and  used  for  longer  duration  cruises. 

29.  Future  growth  of  recreational  boating  on  the  Grand  River  would 
be  severely  restricted  under  existing  channel  conditions.  The  Grand 
River  is  shoaled  and  unimproved  upstream  of  the  upper  limit  of  the 
existing  Federal  project  at  the  Bass  River.  There  are  no  aids  to 
navigation  and  the  numerous  bars,  snags  and  other  hazards  to  naviga- 
tion make  the  river  dangerous  even  for  local  boaters  familiar  with 
local  river  conditions.  However,  if  the  river  were  improved,  there 
is  little  doubt  that  it  would  be  used  extensively  by  locally-based 
transient,  and  trailer -drawn  craft.  The  highly  populated  Grand 
Rapids  and  Lans,irv&  areas  provide  the  demand  and  support  for  recrea- 
tional boating  facilities  and  also  serve  as  an  attractive  destination 
for  craft  cruising  on  Lake  Michigan,  especially  those  originating 
from  the  Chicago  Metropolitan  Area.  Some  indication  of  the  potential 
use  that  an  improved  Grand  River  might  receive  is  shown  in  Table  17. 
This  is  a forecast  of  the  number  of  craft  expected  to  be  registered 
in  those  counties  through  which  the  Grand  River  passes,  by  the  year 
1980.  These  figures  show  an  average  increase  of  100  percent  over  the 
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present  registration  figures  as  shown  in  Table  16.  These  statis- 
tics were  taken  from  a published  report  entitled  'Transportation 
Predictive  Procedures  - Recreational  Boating  and  Commercial 
Shipping"  prepared  by  the  Waterways  Division,  Department  of  Con- 
servation, of  the  State  of  Michigan.  That  report  assesses  and 
forecasts  the  nature  and  volume  of  existing  and  prospective 
waterborne  vessel  traffic  in  the  State  of  Michigan. 

Table  17 

1980  Forecast  of  Registered  Craft  by  County 


County 

Number  of  Cl 

Ottawa 

12 , 333 

Kent 

40,868 

Ionia 

4,728 

Cl inton 

4,725 

Eaton 

6,765 

Ingham 

26,075 

Jackson 

17,998 
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SECTION  X 

RECOMMENDED  S INGLE -PURPOSE  IMPROVEMENTS 


30.  COMMERCIAL  - GRAND  HAVEN  HARBOR 

Information  furnished  by  local  interests  and  preliminary  in- 
vestigations by  the  Corps  suggests  that  justification  of  harbor 
improvements  at  Grand  Haven  may  be  warranted,  pending  the  results 
of  engineering  and  economic  feasibility  studies.  Existing  harbor 
facilities,  with  the  limiting  project  depth  and  a restricted  turn- 
ing basin,  preclude  the  realization  of  a savings  on  transportation 
costs.  If  the  deep  draft  Improvements  are  instituted,  as  described 
under  "Improvements  Desired",  paragraph  7,  the  vessels  calling  at 
the  Port  of  Grand  Haven  could  load  to  capacity,  resulting  in  a 
savings  due  to  faster  loading  and  a decreased  cost  per  ton.  Infor- 
mation supplied  by  local  commercial  interests,  and  detailed  in  tables 
18  and  19  show  the  economic  advantages  of  increased  harbor  depth. 
Table  18  projects  the  economy  of  faster  loading  in  1968,  1973,  and 
1978  based  on  1967  tonnages.  In  addition  to  a savings  per  vessel, 
harbor  terminal  facilities  will  be  able  to  handle  more  vessels  per 
season.  Advantages  of  deeper  harbor  and  channel  facilities  allow- 
ing deeper  draft  vessels  and  increased  loading  capacity  is  shown 
in  table  19.  Steamship  companies  queried  by  local  interests 
suggest  that  an  average  freight  savings  of  57.  on  sand  and  gravel 
cargo  revenue  for  each  extra  foot  of  draft  below  21  feet  to  which 
the  vessel  can  load  will  accrue  with  the  deepening  of  the  harbor. 

31.  Preliminary  investigations  suggest  that  the  proposed  harbor 
improvements  appear  justified.  They  will  be  further  investigated 
under  the  existing  authorized  study  adopted  1 March  1950  by  the 
House  Public  Works  Committee  and  discussed  under  "Additional 
Studies  Authorized",  in  paragraph  5. 
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Table  18 


Economic  Savinas  in  Freight  Costs 
As  a Result  of  Faster  Loading  * 

Based  c i 1967  Tonnage 

(1)  Deeper  water  will  allow  approximately  one  hour  in  time  savings 
during  loading  for  all  vessels. 

Vessels  loaded  in  1967  106 

Deep-draft  barges  loaded  in  1967  4 

Total  deep-draft  vessels  loaded  110 

Total  hours  that  could  have  been  saved  110 

Economic  savings  at  $300  per  hour  based  on  1967  tonnage  ...  $33,000 
Economic  savings  at  $300  per  hour  based  on  projected  tonnage 


and  10,000  tons  average  per  boat  for  1968  $37,000 

and  15,000  tons  average  per  boat  for  1973  $34,800 

for  1978  $36,900 


(2)  An  increase  in  loading  capacity  in  tons  per  hour  will  result  in  a 
definite  economic  time  saving  for  the  vessels  involved. 

(a)  Foundry  sand  loaded  out  1967  616,490  net  tons 

Total  loading  time  1967  336  hours 

Average  tons  per  hour  loaded  1,835 

Total  loading  time  based  on  3000-3500  tons  per  hour  193  hours 

Total  hours  in  loading  time  to  be  saved  @ 3250  tons  per  hour 
based  on  1967  tonnage  143  hours 

Economic  savings  based  on  1967  tonnage  $42,900 

(b)  Total  hours  in  loading  time  to  be  saved 

based  on  1968  projected  tonnage  (745,000  net  tons)  174  hours 

Economic  savings  based  on  1968  anticipated  tonnage  ....  $52,200 

(c)  Total  hours  in  loading  time  to  be  saved 

based  on  1973  projected  tonnage  (1,500,000  net  tons)  355  hours 

Economic  savings  based  on  1973  anticipated  tonnage.  . . . $106,500 

(d)  Total  hours  in  loading  time  to  be  saved 

based  on  1978  projected  tonnage  (1,600,000  net  tons)  380  hours 

Economic  savings  based  on  1978  anticipated  tonnage  ....  $114,000 
* Supplied  by  local  interests. 
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. COMMERC  LAL  - GRANIN  R IVER 


Based  on  the  limited  information  available,  widening  the 
existing  channel,  especially  at  the  bends,  and  increasing  the 
project  depth  to  10  feet,  from  Grand  Haven  to  the  upstream  project 
limit  at  the  Bass  River  appears  to  be  worthy  of  further  detailed 
investigation.  This  channel  is  used  by  two  sand  and  gravel 
companies  who  ship  their  raw  materials  by  barge  from  their  workings 
near  the  Bass  River  down  to  Grand  Haven.  At  the  present  time,  the 
tows  consist  of  two  barges  and  a push  tug  which  make  three  round 
trips  per  day,  six  days  per  week.  The  sixth  day  is  an  overtime 
day  necessitated  by  the  fact  that  the  size  of  the  tows  is  limited 
by  the  present  channel  width.  The  operators  desired  to  increase 
the  size  of  the  tows  by  utilizing  three  barges  per  tow  instead  of 
two.  However,  this  cannot  be  done  under  existing  channel  dimensions, 
except  during  periods  of  high  water  when  the  longer  tow  would  be 
able  to  extend  out  beyond  the  channel  lines  without  danger  of  ground- 
ing. If  the  channel  is  widened  to  permit  use  of  three  barge  tows 
at  all  times,  a total  of  only  12  tows  per  week  would  be  required  to 
move  the  present  commerce  instead  of  the  18  tows  per  week  now  re- 
quired. Therefore,  the  resultant  benefit  would  be  six  less  tows  per 
week  which  would  eliminate  Saturday  overtime  and  three  other  tows  per 
week.  The  commercial  users  of  the  river  estimate  that  should  the 
channel  be  widened  so  that  the  described  benefit  be  realized,  a total 
economic  savings  of  about  $298,480  per  year  could  be  reasonably  pre- 
dicated. Widening  the  channel  might  also  provide  some  benefit  to 
recreational  boating  by  increasing  the  safety  to  navigation  in  this 
reach  of  the  river  which  is  heavily  used  by  commercial  interests. 

33.  Widening  the  river  channel  from  the  present  100  foot  width  to 
125  feet  in  the  straight  sections  and  150  feet  at  the  bends  would  be 
sufficient  to  permit  use  of  three  barge  tows  at  all  times.  .ncreased 
usable  channel  widths  of  the  Grand  River  above  the  railroad  oridge 
are  considered  necessary  to  decrease  the  hazards  and  restrictions 
imposed  on  existing  barge  traffic  and  to  afford  the  passage  of  longer 
tows  in  the  future.  The  maneuvering  characteristics  and  related 
space  requirements  of  the  existing  and  foreseeably  longer  tows 
determine  the  necessary  widening. 
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34.  Deepening  of  the  existing  oroject  channel  to  10  feet  appears 
warranted  inasmuch  as  the  present  8-fcot  depth  precludes  the 
realization  of  more  economical  transportation  rates  available  from 
deeper  draft  barges.  Table  20  details  transportation  savings  on 
sand  and  gravel  shipments  between  Bass  River  and  Spring  Lake.  Cost 
estimates  assume  a 125-foot  channel  width  and  show  the  savings  on 
8,  9,  and  10-foot  project  depths.  The  cheapest  transport  cost 
per  ton  is  realized  with  a 10-foot  deep  channel,  allowing  deeper 
draft  barges  and  a cost  per  ton  of  $0.14.  Cost  estimates  for 
engineering  feasibility  and  derivable  benefits  are  being  made.  The 
project  merits  further  study.  There  is  also  no  known  potential 
user  for  a channel  for  deep-draft  commerce  on  the  Grand  River  up- 
stream of  Grand  Haven. 


Table  20 

Savings  on  Sand  Transported  on  Grand  River 
Between  Bass  River  and  Spring  Lake 

(total  commerce  3,980,000  tons) 
Improvement  - 125 -foot  channel  and  project 
depth 


No 

Improvement 


Vessel  operation 

61 

cost  per  hour 

Vessel  time 

n 

charged  to  cargo  trip. 

hours 

Cost  per  trip 

671 

Weighted  average 

1,200 

cargo  per  barge,  tons 

Number  of  barges  per  tow 

3 

Total  cargo  per  tow 

2,400 

Trans,  cost  per  ton 

0 

TOTAL  COST  $1,114,400 


Annual  transportation  savings 
Savings  per  ton 

Present  worth  of  annual 
transportation  savings 

1.180.000  Savings/ton 

2.800.000  (3  Savings/ton 

x 0.34  (growth  pattern  factor) 

TOTAL 


8-foot 

9-foot 

10-foot 

$ 61 

$ 61 

$ 61 

11 

11 

11 

671 

671 

671 

1,200 

1,400 

1,600 

3 

3 

3 

3,600 

4,200 

4,800 

0.19 

0.16 

0 

$756,200 

$636,800 

$557,200 

$358,200 

$477,600 

$557,200 

0.090 

0.120 

0.140 

$106,200 

$141,600 

$165,200 

$ 85,680 

$114,240 

$133,280 

$191,880 

$255,840 

$298,480 
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35.  RECREATIONAL  - BASS  R TVER  TO  GRAND  RAPIDS 


The  reach  of  the  Grand  River  extending  from  Grand  Haven  to  the 
Bass  River,  and  now  covered  by  the  present  Federal  project,  is 
adequate  for  existing  and  prospective  recreational  boat  traffic. 

The  river  upstream  of  the  Bass  River  extending  to  Grand  Rapids  was 
formerly  a part  ot  the  Federal  project,  but  was  abandoned  by  the 
1930  River  and  Harbor  Act.  No  work  has  been  done  on  this  reach  of  the 
Grand  River  since  1910  when  a project  providing  for  a 6-foot  deep 
channel  100  feet  wide  was  completed  to  Grand  Rapids.  This  project 
involved  the  dredging  of  about  2,800,000  cubic  yards  of  material  and 
the  construction  of  132,624  linear  feet  of  brush  and  pile  training 
walls  to  confine  the  flow.  In  the  absence  of  any  commercial  use  of  the 
upper  river,  the  dredged  channel  above  Bass  River  was  not  maintained 

and  filled  up  so  that  by  1914  the  low  water  depth  was  as  little  as 

2-1/2  feet  in  places.  It  was  estimated  in  1932  that  controlling 
depths  at  low  water  were  probably  less  than  2 feet.  The  bed  of 
the  river  in  this  reach  is  practically  all  sand  and  fine  gravel,  with 
clay  found  at.  a few  points  at  depths  of  10  to  15  feet.  The  channel 
width  at  low  water  is  from  280  to  820  feet,  which  was  narrowed  by 

training  walls  to  160  to  180  feet  in  places.  The  training  walls  are 

for  the  most  part  washed  out  or  buried  in  sand  bars. 

36.  Preliminary  estimates,  based  on  available  data,  indicates  tliat 

to  provide  a channel  5 feet  deep  and  100  feet  wide  from  the  Bass  River 
to  Grand  Rapids,  a distance  of  about  23  miles,  in  the  interest  of 
recreational  navigation  would  require  the  excavation  of  about  1,800,000 
cubic  yards  of  material.  The  total  first  cost  of  such  a project  would 
amount  to  about  $2,500,000.  The  average  annual  maintenance  cost  is 
estimated  at  about  $60,000,  based  on  previous  experience  gained  in 
connection  with  the  existing  Federal  project  on  the  Grand  River  between 
Grand  Haven  and  Bass  River.  The  total  annual  charges,  including  cost 
of  maintenance,  would  amount  to  approximately  $160,000. 

37.  In  order  to  economically  justify  such  an  expenditure  of  funds, 
the  number  of  boats  using  the  improved  channel  would  have  to  amount 
to  at  least  400  locally-based  craft  and  4,000  transient  boats 
annually.  It  is  considered  reasonable  to  expect  that  traffic  of 

at  least  this  magnitude  would  develop  should  the  channel  to  Grand 
Rapids  be  improved.  Channel  width  and  depth  was  determined  by  the 
navigational  requirements  of  a cruiser  up  to  65  feet  in  length.  As 
these  requirements  are  greater  than  those  of  smaller  craft,  they 
automatically  provide  for  the  adequate  navigational  needs  of  smaller 
craft.  It  is  expected  that  many  of  the  vessels  on  the  Grand  River 
will  be  inboards  and  cruisers  in  the  17  to  40  feet  long  class.  How- 
ever, the  river  is  sufficiently  wide,  with  many  tributaries  and  coves, 
such  that  joint  use  of  the  river  by  power  boat  enthusiasts,  sailors, 


1-36 


canoe isLs,  and  fishermen,  may  be  pursued  With  recreational  enjoyment 
by  all  without  interference.  This  joint  use  provides  maximum 
recreational  advantages  and  is  an  important  part  of  project  justi- 
fication. Some  of  the  factors  which  indicate  that  this  channel 
improvement  may  be  economically  feasible  are  the  present  popularity 
of  recreational  boating  and  the  expected  continuation  of  this  trend, 
the  heavily  populated  Grand  Rapids  area  which  provides  a market  for 
prospective  boat  purchasers  and  a destination  for  transient  boaters, 
the  relative  lack  of  boating  facilities  in  the  Grand  Rapids  Area, 
and  access  to  Lake  Michigan  and  its  heavily  traveled  coastline 
especially  for  craft  originating  in  the  Chicago  Metropolitan  Area. 

The  minimum  vertical  clearance  under  high  water  conditions  for  any 
of  the  fixed  bridges  in  this  section  of  the  river  is  15  feet  which 
will  allow  passage  of  almost  any  cruiser  type  vessel. 

38.  RECREATIONAL  - UPSTREAM  OF  GRAND  RAPIDS 

An  investigation  was  made  as  to  the  economic  feasibility  of 
providing  an  improved  channel  for  recreational  boating  upstream  of 
Grand  Rapids.  The  plan  investigated  was  that  suggested  by  the 
Waterways  Division  of  the  Department  of  Natural  Resources,  State  of 
Michigan,  comprising  a lock  at  Grand  Rapids,  a channel  80  feet  wide 
and  5 feet  deep  to  Lowell,  and  a channel  50  feet  wide  and  4 feet  deep 

to  the  dam  at  Lyons.  This  covers  a river  distance  of  about  55  miles 

and  passes  under  17  bridges  mostly  at  Grand  Rapids  and  the  principal 
towns  along  the  route.  In  order  to  provide  a through  channel,  a lock 

must  be  constructed  at  the  Grand  Rapids  dam  where  the  difference  in 

water  elevation  is  18  feet.  Upstream  of  Grand  Rapids  the  river  width 
varies  from  100  to  1,950  feet  with  an  average  width  of  about  200  feet. 
Depths  in  this  reach  of  the  river  vary  considerably,  but  probably 
average  about  2 feet  under  low  water  conditions.  The  river  bed  is 
composed  almost  entirely  of  sand  and  gravel  and  frequent  bars  obstruct 
the  channel. 

39.  Preliminary  estimates  made  to  determine  the  cost  of  the  suggested 
plan  of  improvement  indicated  that  it  would  cost  about  5 million 
dollars  to  provide  for  recreational  navigation  on  the  Grand  River 
upstream  of  Grand  Rapids.  This  includes  the  cost  of  a lock,  but  not 
for  any  bridge  modifications  that  might  be  necessary.  The  total  annual 
charges  for  such  an  improvement,  including  annual  maintenance,  would 

be  about  $400,000.  To  obtain  annual  benefits  equal  to  the  estimated 
annual  charges  would  mean  that  at  least  800  locally-based  boats  ranging 
in  length  from  17  to  65  feet  would  have  to  be  based  in  this  reach  of 
the  river  and  well  over  10,000  transient  craft  visits  would  be  required 
annually.  There  is  no  indication  that  such  a volume  of  traffic  would 
materialize  in  the  near  future  should  the  considered  improvement  be 
constructed.  Therefore,  based  on  the  limited  information  available, 
it  is  concluded  that  improvement  of  the  Grand  River  upstream  of 
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'"rar.d  Rapids  is  not  economically  Justified  at  this  time.  Should 
t ne  future  demand  far  exceed  that  which  can  be  reasonably  foreseen 
at  the  present  time,  the  subject  of  an  iraoroved  navigation  channel 
upstream  of  Grand  Rapids  can  be  studied  again  at  such  time. 

40.  The  Lyons  dam  is  the  first  of  a series  of  four  dams  over  a 
14-mile  reach  of  river  extending  from  Lyons  to  Portland.  Water 
depths  of  up  to  30  feet  exist  in  some  of  the  pools  upstream  of  the 
dams.  Providing  a channel  50  feet  wide  and  4 feet  deep  between  the 
dam  sites,  to  accommodate  trailer -drawn  craft  and  small  boats  which 
can  be  portaged  around  the  damB,  involves  the  removal  of  shoals  and 
bars  and  is  primarily  a clearing  and  snagging  type  project.  This 
work  also  cannot  be  economically  justified  in  itself  since  the  manber 
of  craft  needed  to  make  such  an  improvement  feasible  cannot  be 
reasonably  anticipated  in  the  near  future.  This  improvement  could 
also  be  restudied  along  with  the  reach  between  Grand  Rapids  and  the 
Lyons  dam  should  future  conditions  change  sufficiently  to  justify 
such  action.  Impoundments  of  the  Grand  River  or  its  tributaries 
between  Portland  and  Lansing  and  between  Lansing  and  Jackson  to 
provide  lakes  for  recreational  boating  could  be6t  be  realized  by 
the  construction  of  reservoirs  justified  on  a multi-purpose  basis 
rather  than  through  single-purpose  navigation  projects. 
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41.  The  existing  end  future  utilization  of  the  Grand  River  in  the 
interest  of  recreational  and  commercial  navigation  is  being  investi- 
gated. Studies  include  an  analysis  of  existing  navigation  projects 
and  their  relationship  to  present  and  prospective  commerce  and 
vessel  traffic,  and  investigations  to  determine  the  desirability  of 
modifying  existing  projects  or  providing  additional  improvements  for 
both  commercial  and  recreational  navigation.  It  is  concluded,  based 
on  the  limited  information  available,  that  further  improvement  of 
Grand  Haven  Harbor  and  the  lower  reach  of  the  Grand  River  to  the 
Bass  River  for  commercial  navigation  and  improvement  of  the  Grand 
River  up  to  Grand  Rapids  for  recreational  navigation  appear  to  have 
some  economic  justification  and  be  worthy  of  further  detailed  study. 
Detailed  study  of  the  commercial  improvements  is  presently  underway 
in  accordance  with  a study  authorized  by  a House  Public  Works  Committee 
Resolution  adopted  1 March  1950.  There  is  also  another  study  author- 
ized by  a House  Public  Works  Committee  Resolution  adopted  9 April  1957 
which  will  cover  the  recreational  boating  aspect  of  navigation  on 
the  Grand  River.  These  two  authorized  studies  are  expected  to  adequate- 
ly provide  the  further  detailed  study  recommended  by  this  appendix. 

In  summary,  the  following  improvements  appear  at  this  time,  subject  to 
further  study,  to  exhibit  economic  feasibility. 

a.  Improving  Grand  Haven  Harbor  in  the  interest  of  commercial 
navigation  by  deepening  the  existing  channel  to  provide  a controlling 
depth  of  25  feet  and  enlarging  the  turning  basin. 

b.  Improving  the  Grand  River  channel  from  Grand  Haven  to  the  Bass 
River  in  the  interest  of  commercial  navigation  by  widening  the  existing 
project  channel  to  125  feet  in  the  straight  reaches  and  150  feet  at 

the  bends,  and  possibly  increasing  the  project  depth. 

c.  Improving  the  Grand  River  in  the  interest  of  recreational 
navigation  from  the  Bass  River  to  Grand  Rapids,  a distance  of  about 
23  miles,  by  providing  a channel  5 feet  deep  and  100  feet  wide. 

Improvements  for  recreational  boating  upstream  of  Grand  Rapids  were 
investigated,  but  were  determined  to  be  not  economically  feasible 
at  this  time.  However,  this  does  not  preclude  further  study  of  these 
improvements  should  the  need  arise  at  some  future  date. 

The  detailed  studies  recommended  by  this  report  will  identify  the 
most  suitable  methods  and  areas  for  disposal  of  the  spoil  from  the 
initial  dredging  of  the  channel  and  from  maintenance  dredging. 
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ATTACHMENT  A,  APPENDIX  I 

NAVIGATION  REPORTS  ON  THE 
ORIGINAL  GRAND  HAVEN  HARBOR  PROJECT 


W 


attachment  a 

TO 

APPENDIX  I - NAVIGATION 


REPORTS  ON  THE  ORIG INAL  GRAM)  HAVEN  HARBOR  PROJECT 


1.  A survey  report  dated  15  December  1849  published  as  Senate 
Ex.  Document  No.  20,  31st  Congress,  1st  Session,  considered  the 
advisability  of  improving  Grand  Haven  Harbor  for  the  benefit  of 
general  lake  commerce.  The  reports'  recommendations  were  generally 
adopted  by  the  River  and  Harbor  Act  of  23  June  1866  which  estab- 
lished the  original  Grand  Haven  Project.  The  original  project 
provided  for  a 18-foot  deep  channel  by  means  of  parallel  piers 
400-feet  apart  projecting  into  Lake  Michigan,  and  shore  and  channel 
revetments  on  both  banks  of  the  mouth  of  the  Grand  River. 

2.  The  report  dated  3 February  1880,  published  as  Senate  Ex.  Docu- 
ment No.  92,  46th  Congress,  2nd  Session,  recommended  that  the  piers 
be  extended  to  terminate  in  water  having  an  18-foot  depth  and  that 
the  beach  be  stabilized  to  prevent  the  drift  of  sand  into  the  project 
area.  The  recommendations  were  adopted  by  the  River  and  Harbor  Act 
of  1880. 

3.  A special  report  dated  18  January  1890,  published  as  Senate  Ex. 
Document  No.  40,  51st  Congress,  1st  Session,  indicated  that  although 
waterborne  commerce  had  benefited  from  construction  of  piers  and 
revetments,  construction  of  these  structures  to  their  authorized  length 
should  be  accomplished  as  soon  as  practicable  in  order  that  the  harbor's 
full  commercial  potential  may  be  realized. 

4.  The  reports  of  a preliminary  examination  and  a survey,  dated 
31  May  1909  and  30  December  1910,  were  published  in  House  Doc.  No. 

282,  63rd  Cong.,  1st  Sess.  Although  the  preliminary  examination 
was  farorable,  the  survey  concluded  that  it  was  not  advisable  at 
that  time  to  continue  the  project  to  Fulton  Street  in  Grand  Rapids 
or  to  include  a channel  into  Spring  Lake. 

5.  A preliminary  examination  report  dated  31  January  1921  was  also 
unfavorable  to  modification  of  the  project. 

6.  The  reports  of  a preliminary  examination  and  survey,  dated 

8 October  1925  and  6 December  1927,  were  favorable  to  modification 
of  both  the  harbor  and  river  projects.  These  reports  were  printed 
in  House  Document  No.  103,  70th  Congress,  1st  Session.  It  was 
recommended  that  the  harbor  project  be  modified  to  provide  a 
22 -foot  deep  and  300-foot  wide  entrance  channel  from  Lake  Michigan 
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to  3 point  1,000  feet  ln6ide  the  pier  ends,  then  20  feet  deep  to 
the  Grand  Trunk  Railway  car-ferry  slip,  with  a turning  basin.  The 
modifications  recommended  for  the  river  project  are  Included  In 
the  reports  on  Che  original  river  projecL,  par.  21,  below. 

7.  The  recommendations  contained  in  the  above  House  Document  were 
reviewed  and  modified  In  survey  report  dated  5 February  1929.  The 
Board  of  Engineers  for  River  and  Harbors,  by  report  dated  4 February 
1930,  concurred  with  the  recommendations  of  the  review  report.  It 
was  recommended  that  the  Grand  Haven  project  be  modified  to  provide 
a channel  23  feet  deep  and  generally  300  feet  wide  from  Lake  Michigan 
to  a point  1,000  feet  inside  the  pier  ends;  then  21  feet  deep  and 
300  feet  wide  to  the  car-ferry  slip,  with  an  enlargement  at  the 
upper  end.  Also  that  the  Grand  Haven  Harbor  and  Grand  River  projects 
be  combined.  These  recommendations  were  published  in  Senate  Document 
No.  88,  71st  Congress,  2nd  Session,  and  adopted  by  the  River  and 
Harbor  Act  of  3 July  1930. 


SECTION  II 

REPORTS  ON  THE  ORIGINAL  GRAND  RIVER  PROJECT 

8.  The  first  examination  and  survey  of  the  Grand  River  upstream  to 
Grand  Rapids  was  authorized  by  the  River  and  Harbor  Act  of  1880. 

A report  by  the  Detroit  Engineer  Office,  dated  12  February  1881, 
published  as  Senate  Ex.  Document  No.  50,  46th  Congress,  3rd  Session, 
indicated  the  city  of  Grand  Rapids  could  prosper  by  being  opended  to 
general  lake  commerce.  It  also  indicated  an  adequate  ship  channel, 
preferably  10  feet  deep  and  100  feet  wide,  could  be  constructed 
either  entirely  or  partially  within  the  banks  of  the  river.  The 
work,  which  in  effect  would  be  similar  to  the  construction  of  a canal, 
would  require  careful  and  complete  site  examinations  to  determine  the 
most  economical  alignment.  The  report  concluded  that  existing  light - 
draft  navigation,  then  consisting  of  a single  steamboat  drawing  not 
more  than  2-1/2  feet  loaded,  could  more  adequately  handle  the  river 
commerce  if  a 4 feet  deep  channel  could  be  provided.  The  estimated 
cost  of  a 100-foot  wide  channel  from  Grand  Rapids  downstream  to  deep 
water  was  $25,000.  The  4-foot  deep  channel  was  adopted  by  the  River 
and  Harbor  Act  of  1881.  The  acts  of  1881  and  1882  appropriated 
$10,000  and  $15,000,  respectively,  for  dredging  the  4-foot  channel. 

By  July  1884,  2-1/2  miles  had  been  completed.  The  act  of  1885 
appropriated  an  additional  $25,000.  By  July  1886,  a 60-foot  wide 
and  4-1/2  foot  deep  channel  had  been  dredged  11-1/4  miles  below 
Grand  Rapids.  The  dredged  channel  was  not  considered  permanent  and 
further  appropriations  were  not  recommended. 
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9.  A preliminary  examination  report  dated  29  January  1887  concluded, 
in  view  of  the  extreme  range  between  high  and  low  water  stages  and 
the  shoaling  tendency  of  the  river  bottom  material,  that  a deep- 
water connection  from  Lake  Michigan  to  Grand  Rapids  could  not  be 
accomplished  entirely  within  the  banks  of  the  river.  Such  a connnec- 
tion  would  require  the  construction  of  a canal  outside  of  the  river 
banks,  but  would  utilize  the  river  water. 

10.  Another  preliminary  examination  report,  dated  25  October  1888, 
considered  the  advisability  of  providing  a 10-foot  deep  channel  from 
Grand  Rapids  to  Lake  Michigan.  This  report  also  considered  it 
impracticable  to  dredge  the  river  to  provide  the  channel  as  there 
was  insufficient  flow  at  low  water  stage  and  construction  of  locks 
and  dams  would  require  expensive  levee  construction.  It  concluded 
that  a canal  outside  of  the  river  banks  would  be  the  most  economical 
means  of  providing  a deep-water  connection  and  that  its  depth  should 
be  at  least  14  feet  in  view  of  the  tendency  toward  the  use  of  lake 
vessels  with  greater  drafts. 

11.  A special  report,  dated  22  March  1890,  by  the  Detroit  Engineer 
Office  summarized  the  10-year  history  of  the  study  and  improvement 
of  the  Grand  River  below  Grand  Rapids.  The  report  concluded  that  a 
more  thorough  investigation  of  the  river,  at  an  estimated  cost  of 
$8,000,  should  be  completed  in  order  to  provide  more  detailed  informa- 
tion on  which  to  determine  the  most  practical  means  of  providing 
further  improvement  in  the  interest  of  commercial  navigation.  The 
Board  of  Engineers  for  Rivers  and  Harbors,  in  a report  dated  12  April 
1890,  concurred  with  the  special  report.  The  Board's  report  cited  a 
recent  survey  of  the  river,  completed  at  the  expense  of  the  city  of 
Grand  Rapids,  that  had  added  materially  to  the  topographical  informa- 
tion available,  and  that  further  hydraulic,  subsurface  and  topographic 
data  would  be  required.  It  indicated  the  river  could  possibly  be 
deepened  to  10  feet,  although  the  use  of  a lock  and  movable  dam  might 
be  more  economical. 


12.  The  Detroit  Engineer  Office's  preliminary  examination  report 
dated  12  November  1890  reduced  the  previously  estimated  cost  of 
accomplishing  a thorough  investigation  of  the  river  below  Grand  Rapids 
in  view  of  the  survey  information  furnished  by  the  city  of  Grand 
Rapids . 

13.  Another  survey  report,  dated  11  April  1892  and  based  on  a thorough 
investigation  of  the  Grand  River  below  Grand  Rapids,  recommended  the 
construction  of  a 10-foot  navigable  channel  downstream  from  the  city. 
The  estimated  costs  of  the  three  improvements  considered,  all  within 
the  banks  of  the  river  are: 
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(1)  For  the  open  8-foot  navigation §463,450 

(2)  For  10-foot  navigation  with  lock  and  dem 673,880 

(3)  For  the  open  10-foot  navigation ---670,500 


The  report  was  published  as  House  Ex.  Document  No.  197,  52nd  Congress, 

1st  Session. 

14.  The  River  and  Harbor  Act  of  3 June  1896  authorized  construction 
of  the  10-foot  deep  channel,  90  to  100  feet  wide,  through  the  bars 

of  the  river,  as  recommended  by  the  above  1892  survey  report.  The  act 
of  13  June  1902  extended  the  upstream  terminus  of  the  project  about 
3,200  feet  further  to  Fulton  Street  in  Grand  Rapids.  In  response  to  a 
resolution  by  the  Committee  on  Rivers  and  Harbors  of  the  House  of 
Representatives,  the  Board  of  Engineers  for  Rivers  and  Harbors  prepared 
a report,  dated  11  November  1903,  that  estimated  the  project  would  cost 
more  than  one  million  dollars  to  complete.  The  Board  indicated  the 
project,  if  completed,  would  be  inadequate  for  lake  vessels;  that  the 
cost  of  a channel  for  lake  vessels  would  be  out  of  proportion  to  the 
general  benefits  it  would  afford;  and  that  it  was  more  practical  to 
provide  a 6-foot  deep  channel  that  would  benefit  commerce  practically 
as  much  as  a 10-foot  channel.  It  recommended  the  project  be  modified 
to  provide  a 6-foot  deep  channel,  100  feet  wide,  downstream  from  Fulton 
Street.  It  was  estimated  that  the  modified  project  would  cost  $430,000, 
of  which  $103,000  was  then  available  from  previous  appropriations.  The 
estimate  was  based  on  the  supposition  that  the  additional  $327,000  would 
be  available  within  one  year.  The  River  and  Harbor  Act  of  3 March  1903 
modified  the  project  to  provide  a 6-foot  depth  below  low  water  of  1889 
and  appropriated  $100,000,  none  of  which  was  to  be  used  to  provide  a 
turning  basin  within  the  city  of  Grand  Rapids. 

15.  Exceptionally  high  floods  occurred  on  the  Grand  River  in  1904  and 
1905  and  caused  extensive  damage  to  the  Grand  Rapids  area.  The  River 
and  Harbor  Act  of  2 March  1907  authorized  an  examination  of  the  river 
with  a view  to  the  regulation  of  floods  in  the  interest  of  navigation. 

A special  board  of  engineer  officers  inspected  the  Grand  River  below 
Grand  Rapids,  held  a public  hearing  and,  after  reviewing  all  available 
information  and  data,  prepared  a report  dated  29  May  1907.  The  report, 
published  as  House  Document  No.  72,  60th  Congress,  1st  Session,  concluded 
that  the  regulation  of  floods  is  not  required  in  the  interest  of  naviga- 
tion and  that  protection  against  flood  damage  is  a matter  for  local 
determination. 

16.  A brief  report  by  the  District  Engineer  Office,  dated  27  September 
1909,  discussed  the  causes  that  led  to  the  decline  of  waterborne  commerce 
on  the  Grand  River.  The  report  cited  the  lack  of  available  freight,  due 
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to  the  closing  of  sawmills  a;  »n,  t .e  rive,  and  the  construction  of 
convenient  railroad  facilities  to  every  factory,  mill  and  gypsum 
mine  in  the  area,  as  the  primary  ca  se  fur  end  in;  the  forty-year  old 
light-oraft  steamooat  service  ia  lw^I.  Construction  of  the  6-foot 
deep  channel  greatly  Unproved  water  transportation  but  it  was  coin- 
cident with  the  new  competition  of  lectric  railway  lines  that  pro- 
vided more  economical,  reliable,  rapid  and  convenient  passenger 
land  freight  service  to  Grand  Haven,  Muskegon  and  Holland. 

17.  A special  report  dated  6 May  1912  indicated  that  only  the  lower 
portion  of  the  Grand  River,  from  Grand  Haven  to  the  mouth  of  the 
Bass  River,  or  to  Lamont  if  sufficient  use  is  made  of  the  channel, 
should  be  maintained  by  dredging. 

18.  Another  brief  report  dated  5 February  i913  surveyed  the  terminal 
and  transfer  facilities  contiguous  to  waters  under  improvement  by 

the  United  States.  It  indicated  there  were  no  such  commercial  facili- 
ties along  the  river  in  Grand  Rapids;  that  none  were  planned  to 
encourage  prospective  waterborne  commerce;  that  the  terminal  for  the 
previously  operated  steamboat  service  had  been  obliterated;  and  that 
floodwalls  or  embankments  line  the  river  banks  within  the  city. 

19.  A preliminary  examination  report  dated  20  May  1914,  published 
as  House  Document  No.  1146,  63rd  Congress,  2nd  Session,  considered 
the  advisability  of  modifying  the  project  to  provide  a 15-foot  deep 
channel  downstream  from  Grand  Rapids  to  Lake  Michigan  in  lieu  of  the 
6-foot  authorized.  The  report  concluded,  after  consideration  of  the 
small  amount  of  light -draft  commerce  between  Grand  Haven  and  Lamont; 
the  absence  of  river  commerce  above  Lamont;  the  inadequacy  of  a 
15-foot  deep  channel  with  the  greater  draft  of  lake  vessels;  the 
general  lack  of  interest  by  business  and  unforeseeable  potential 
commerce;  and  the  adequacy  of  rail  service,  that  the  deepened  channel 
is  not  war  -anted  in  the  interest  of  navigation.  It  also  concluded 
that  should  local  interests  desire  to  construct  a deeper  and  wider 
channel  fo^  improvement  of  flood  conditions  and  water  power,  they 
should  be  allowed  to  remove  existing  Government  dikes  as  might  be 
necessary . 

20.  A preliminary  examination  report  dated  27  November  1915,  published 
as  House  Document  No.  667,  64th  Congress,  1st  Session,  indicated  there 
was  practically  no  river  commerce  above  Lamont  and  recommended  that  this 
reach  of  the  project  be  abandoned. 

21.  A preliminary  examination,  dated  8 October  1925,  and  a survey 
report  dated  6 December  1926,  both  published  in  House  Document  No.  103, 
70th  Congress,  1st  Session,  recommended  the  modification  of  the  harbor 
and  river  projects.  It  was  recommended  that  the  river  project  be 
modified  to  provide  for  a channel  20  feet  deep  and  200  feet  wide,  from 
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V Cra-.d  Trunk  Railway  car-ferry  slip,  tne  upstream  limit  of  the 
Gca  . H.i'/en  Harbor  project,  to  the  Grand  Trunk  Railway  bridge  at 
Ferrysburg,  then  8 feet  deep  and  100  feet  wide  to  the  mouth  of  the 
Bass  River,  provided  that  local  interests  contribute  50  percent  of 
the  actual  cost  of  this  dredging.  It  was  also  recommended  that  the 
reach  of  the  Grand  River  above  the  mouth  of  the  Bass  River  be 
eliminated  from  the  project.  The  recommended  harbor  modifications 
were  previously  described  in  paragraph  6. 

22.  The  above  recommendations  were  reviewed  and  modified  in  a survey 
report  dated  5 December  1929.  The  Board  of  Engineers  for  Rivers  and 
Harbors  concurred  with  the  review  survey's  recommendations  on  4 Febru- 
ary 1930  that  it  was  advisable  to  modify  the  river  project  to  provide 
a 21-foot  deep  and  300-foot  wide  channel  between  the  Grand  Trunk 
Railway  car-ferry  slip  and  its  bridge  at  Ferrysburg,  and  an  8-foot 
deep  and  100-foot  wide  channel  upstream  of  the  bridge  to  the  Bass  River, 
provided  local  interests  contribute  suitable  areas  for  spoil  materials. 
Combining  the  river  and  harbor  projects  was  also  recommended.  These 
modified  recommendations,  published  in  Senate  Document  No.  88,  71st 
Congress,  2nd  Session,  were  adopted  by  the  River  and  Harbor  Act  of 
3 July  1930. 


SECTION  III 

REPORTS  ON  THE  COMBINED  GRAND  HAVEN  HARBOR  AND  GRAND  RIVER  PROJECT 

23.  A preliminary  examination  report  dated  3 August  1932  prepared 
under  the  provisions  of  House  Doc.  No.  308,  69th  Congress  and  pub- 
lished as  House  Document  No.  80,  73rd  Congress,  1st  Session,  concluded 
that  improvement  of  the  Grand  River  for  navigation  or  in  combination 
with  power  development,  flood  control,  or  irrigation,  was  not  advisable 
at  that  time. 

24.  A preliminary  examination  report  dated  10  October  1932  concluded 
the  construction  of  a breakwater  at  the  harbor  entrance  was  not  advis- 
able at  that  time. 

25.  A survey  report  dated  8 July  1935  considered  it  inadvisable  to 
widen  and  deepen  the  channel  reach  between  the  car-ferry  slip  and  the 
Grand  Trunk  Railway  bridge;  deepen  the  South  Channel  to  the  Third  Street 
bridge;  enlarge  the  existing  turning  basin;  and  provide  another  turning 
basin  halfway  between  the  existing  one  and  the  upper  end  of  the  project. 

26.  A review  report  contained  in  River  and  Harbor  Committee  Document 
No.  1,  75th  Congress,  1st  Sess.,  recommended  a channel  18  feet  deep 
and  100  feet  wide  from  the  head  of  the  authorized  21-foot  deep  channel, 
at  the  Grand  Trunk  Railway  bridge,  into  Spring  Lake.  This  recommended 
channel  was  adopted  by  the  River  and  Harbor  Act  of  26  August  1937. 
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27.  A survey  report  dated  8 December  1933,  published  as  Hou6e 
Document  No.  661,  76th  Congress,  3rd  Session,  reviewed  the  reports 
contained  in  House  Document  No.  103,  70th  Congress,  1st  Session. 

The  review  survey  recommended  modification  of  the  project  to  pro- 
vide for  a channel  300  feet  wide  and  21  feet  deep  from  the  enlarge- 
ment in  the  existing  channel  at  the  Grand  Trunk  Western  car -ferry 
slip  to  and  including  an  18-foot  deep  turning  basin  at  the  Grand 
Trunk  Western  Railway  bridge. 


